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(54) MOBILE COMMUNICATION SYSTEM AND ITS BASE-STATION DEVICE 



(57) In a mobile communication system according 
to this invention, an integrated control apparatus (ISa1) 
is arranged between a plurality of base stations (CSa1 , 
CSa1,...) arranged in an area with a low traffic density, 
and a public digital network (INW), the integrated con- 
trol apparatus (ISa1) accommodates I' lines of the base 
stations (CSal , CSa1 ,...), the integrated control appara- 



tus (ISa1) and the public digital network are connected 
via T lines having a smaller number of channels than the 
total number of channels of the I' lines, and the inte- 
grated control apparatus (ISa1) performs various kinds 
of control for call origination/termination with the base 
stations (CSa1. CSa1 ,...). 
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Description 



Technical Field 



The present invention relates to a mobile communi- 
cation system and a base station apparatus therefor 
and, more particularly, to a mobile communication sys- 
tem in which a plurality of mobile communication net- 
works independently operate in a common service 
area, and a base station apparatus therefor. 

Background Art 

In recent years, systems that adopt microcells (e.g., 
PHS (Personal Handyphone System) in Japan) of dig- 
ital mobile communication systems have been put into 
practical applications. 

In such system using microcells, the size of the 
area covered by one base station is as small as a radius 
of 100 to 200 meters, and the subscriber accommoda- 
tion capability is improved by increasing the frequency 
reuse efficiency. 

The above-mentioned system includes a public 
system built to cover a wider area including a public 
area by connecting to a public digital network, and a pri- 
vate system built in home, an office, or the like to have a 
private branch exchange as a core. In the public sys- 
tem, a plurality of service providers can provide serv- 
ices in a single area. 

FIG. 1 shows an example of the basic arrangement 
of the conventional public system. More specifically, a 
plurality of base stations CS1 to CSm are distributed in 
a service area, and respectively form radio zones called 
cells (microcells) each having a radius of 100 to 200 
meters. The base stations CS1 to CSm are connected 
to a public digital network INS comprising, e.g., an inte- 
grated services digital network (to be abbreviated as an 
ISDN hereinafter). 

As a connection interface for the public digital net- 
work INW, an r interface is used. The P interface is one 
obtained by adding the position registration procedure 
of a mobile station to an I interface as a user network 
interface of the ISDN, and uses two basic interface lines 
(2B + D) of the ISDN. More specifically, the I' interface 
has two D channels for control, and four B channels for 
information communications. 

Mobile stations PS1 to PSn are selectively con- 
nected to the base stations CS1 to CSm via radio chan- 
nels in the radio zones formed by the base stations CS1 
to CSm, and are connected from the base stations CS1 
to CSm to wired telephones TEL1 to TELk or a home 
system via the ISDN or the ISDN and a subscriber's tel- 
ephone network SNW 

The public system comprises a management con- 
trol apparatus CC having a database for operating this 
system, a customer information management database, 
and the like. The management control apparatus CC 
acquires information associated with the mobile stations 
PS1 to PSn and the base stations CS1 to CSm via the 



ISDN and a packet network PNW, and performs service 
management control such as authentication, charging, 
network management, and the like on the basis of the 
acquired information. 

5 However, the above-mentioned system suffers the 
following problems. That is, since the above-mentioned 
system adopts a microcell system in which each cell 
has a small radius, high frequency use efficiency is 
assured but a huge number of base stations must be 

w equipped. For example, when the metropolitan area is a 
service area, 20 to 40 thousand base stations must be 
equipped. In an area with a high traffic density like in the 
metropolitan area, even when a plurality of service pro- 
viders equip such many base stations, use demands 

is that can offset such investment are assured and may 
pay economically. However, in an area with a low traffic 
density like in the provinces or suburbs, not so many 
use demands are assured. For this reason, it is very 
uneconomical to equip base stations in units of service 

20 providers. 

On the other hand, in public spaces such as depart- 
ment stores, underground markets, station yards, and 
the like, base station groups must be equipped to build 
private systems for employees who work there, and 

25 base stations for the public system must be equipped 
for general subscribers who visit there. However, as 
described above, in the current system, since the 
respective systems operate independently, base sta- 
tions for both the private and public systems must be 

30 equipped, and in some cases, a plurality of base sta- 
tions for the private and public systems must be 
equipped at identical positions. Therefore, such multiple 
systems are very unpreferable since not only they are 
uneconomical but also they pose another problem, e.g., 

35 they spoil the appearances of the sales floors of the 
department store. 

Disclosure of Invention 

40 It is, therefore, an object of the present invention to 
provide a mobile communication system and a base 
station apparatus therefor, which can prevent base sta- 
tions of a plurality of mobile communication networks 
from being equipped to overlap each other, and can 

45 improve economy and alleviate poor appearance of a 
building or the like. 

It is another object of the present invention to pro- 
vide a mobile communication system and a base station 
apparatus therefor, which can improve the use effi- 

50 ciency of lines connected to a public digital network 
even in an area with a low traffic density and hence, can 
improve the use efficiency of lines. 

According to one aspect of the present invention, 
there is provided a mobile communication system, 

55 which comprises a plurality of mobile communication 
networks which independently operate in service areas 
formed in a predetermined region to include a common 
portion, and in which the plurality of mobile communica- 
tion networks exchange control signals between a base 
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station and mobile stations using specific slots at differ- 
ent specific frequencies assigned in advance as control 
channels, and exchange communication information 
using a plurality of slots at other frequencies as commu- 
nication channels, the mobile communication system 5 
comprising at least one shared base station equipped 
on the common portion of the service areas of the plu- 
rality of mobile communication networks, the shared 
base station comprising means for time-divisionally set- 
ting the control channels assigned in advance to the 70 
plurality of mobile communication networks, and per- 
forming transmission/reception operations of control 
signals with mobile stations of the corresponding mobile 
communication network using the control channels. 

According to another aspect of the present inven- 75 
tion, there is provided a base station apparatus used in 
a mobile communication system, which comprises a 
plurality of mobile communication networks which inde- 
pendently operate in service areas formed in a prede- 
termined region to include a common portion, and in 20 
which the plurality of mobile communication networks 
exchange control signals between the base station 
apparatus and mobile stations using specific slots at dif- 
ferent specific frequencies assigned in advance as con- 
trol channels, and exchange communication information 25 
using a plurality of slots at other frequencies as commu- 
nication channels, the base station apparatus compris- 
ing means for time-divisionally setting the control 
channels assigned in advance to the plurality of mobile 
communication networks, and performing transmis- 30 
sion/reception operations of control signals with mobile 
stations of the corresponding mobile communication 
network using the control channels. 

According to still another aspect of the present 
invention, there is provided a mobile communication 35 
system in which a plurality of base stations are distrib- 
uted, and connect mobile stations located in radio 
zones formed by the base stations to at least a public 
digital network to allow communications, the mobile 
communication system comprising an integrated control 40 
apparatus arranged between a plurality of selective 
base stations selected from the plurality of base sta- 
tions, and the public digital network, the integrated con- 
trol apparatus comprising a first network interface for 
exchanging information with the public digital network 45 
via a first line, a plurality of base station interfaces for 
respectively exchanging information with the plurality of 
selective base stations via second lines, and control 
means for selectively connecting the plurality of selec- 
tive base stations and the public digital network via the so 
respective interfaces in accordance with call origina- 
tion/termination of the mobile stations to allow informa- 
tion transmission. 

According to still another aspect of the present 
invention, there is provided a mobile communication 55 
system in which a plurality of base stations are distrib- 
uted and connect mobile stations located in radio zones 
formed by the base stations to at least a public digital 
network to allow communications, and an integrated 
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control apparatus is arranged between a plurality of 
selective base stations selected from the plurality of 
base stations, and the public digital network, wherein - 
each of the selective base stations comprises a radio 
circuit unit for exchanging information with the mobile 
station via a radio line, and an integrated control appa- 
ratus interface for exchanging the information 
exchanged by the radio circuit unit with the integrated 
control apparatus via a second line, and the integrated 
control apparatus comprises a first network interface for 
exchanging information with the public digital network 
via a first line, a plurality of base station interfaces for 
respectively exchanging information with the plurality of 
selective base stations via second lines, and control 
means for executing at least control processing associ- 
ated with a radio connection between the mobile station 
and the selective base station in accordance with call 
origination/termination of the mobile station, and control 
processing associated with a connection between the 
selective base station and the public digital network 

According to still another aspect of the present 
invention, there is provided an integrated control appa- 
ratus arranged between a plurality of base stations 
which form radio zones in different regions and connect 
mobile stations located in the radio zones with at least a 
public digital network to allow communications, and the 
public digital network, the integrated control apparatus 
comprising a first network interface for exchanging infor- 
mation with the public digital network via a first line, a 
plurality of base station interfaces for respectively 
exchanging information with the plurality of selective 
base stations via second lines, and control means for 
selectively connecting the plurality of selective base sta- 
tions and the public digital network via the respective 
interfaces in accordance with call origination/termina- 
tion of the mobile stations to allow information transmis- 
sion. 

According to still another aspect of the present 
invention, there is provided a mobile communication 
system which comprises a plurality of mobile communi- 
cation networks which independently operate in service 
areas formed in predetermined regions, the mobile 
communication system comprising at least one shared 
base station arranged on an overlapping region of the 
service areas formed by the plurality of mobile commu- 
nication networks, and connected to a stationary com- 
munication network via a plurality of lines, the shared 
base station comprising resource control means for 
dynamically and variably controlling the plurality of lines 
to be assigned to the plurality of mobile communication 
networks. 

According to still another aspect of the present 
invention, there is provided a shared base station appa- 
ratus used in a mobile communication system, which 
comprises a plurality of mobile communication networks 
which independently operate in service areas formed in 
predetermined regions, and in which at least one 
shared base station connected to a stationary commu- 
nication network via a plurality of lines is arranged on an 
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overlapping region of the service areas formed by the 
plurality of mobile communication networks, the shared 
base station apparatus comprising resource control 
means for dynamically and variably controlling the plu- 
rality of lines to be assigned to the plurality of mobile 5 
communication networks. 

According to still another aspect of the present 
invention, there is provided a base station apparatus 
used in a mobile communication system which com- 
prises a plurality of base station apparatuses which are 10 
distributed in a service area and are connected to at 
least a public digital network via a plurality of lines, and 
a plurality of mobile stations which are selectively con- 
nected to the base station apparatuses via radio lines in 
radio areas respectively formed by the base station is 
apparatuses, the base station apparatus comprising a 
plurality of radio units for divisionally forming a plurality 
of subareas in the radio area formed by the base station 
apparatus; and exchanging information with mobile sta- 
tions present in the subareas via the radio lines, a data- 20 
base for forming and storing, in units of subareas, 
management information associated with mobile sta- 
tions present in the radio area formed by the own base 
station apparatus, and an integrated control unit, which 
is connected to the plurality of radio units, and which, 25 
when an incoming call associated with the mobile sta- 
tion present in the radio area is generated, executes 
predetermined control associated with the incoming call 
of the mobile station in units of subareas on the basis of 
the management information stored in the database. 30 

Brief Description of Drawings 

FIG. 1 is a schematic diagram showing the basic 
arrangement of a conventional mobile communica- 35 
tion system; 

FIG. 2 is a schematic diagram showing the arrange- 
ment of a mobile communication system according 
to the first embodiment of the present invention; 
FIG. 3 is a block diagram showing the arrangement 40 
of a shared base station of the system shown in 
FIG. 2; 

FIG. 4 is a chart showing the transmission/recep- 
tion timings of a connection control signal by the 
shared base station shown in FIG. 3; 45 
FIG. 5 is a view showing an example of the trans- 
mission power levels variably set by the shared 
base station shown in FIG. 3; 
FIG. 6 is a chart used in an explanation of the oper- 
ation of the system shown in FIG. 2; so 
FIG. 7 is a view showing the assignment state of 
communication slots by a system according to the 
second embodiment of the present invention; 
FIG. 8 is a chart for explaining an example of the 
assignment change control of communication slots ss 
in the second embodiment of the present invention; 
FIG. 9 is a chart for explaining another example of 
the assignment change control of communication 
slots in the second embodiment of the present 



invention; 

FIG. 10 is a schematic diagram showing the 
arrangement of a mobile communication system 
according to a modification of the first embodiment; 
FIG. 1 1 is a view showing an example of the trans- 
mission power levels variably set by a shared base 
station according to the modification of the first 
embodiment; 

FIG. 12 is a chart showing the transmission/ recep- 
tion timings of a connection control system accord- 
ing to the modification of the first embodiment; 
FIG. 13 is a schematic diagram showing the 
arrangement of a mobile communication system 
according to the third embodiment of the present 
invention; 

FIG. 14 is a block diagram showing the arrange- 
ment of an integrated control apparatus used in the 
system shown in FIG. 13; 

FIG. 15 is a block diagram showing the arrange- 
ment of a base station used in the system shown in 
FIG. 13; 

FIG. 16 is a block diagram showing the arrange- 
ment of the integrated control apparatus in a modi- 
fication of the system shown in FIG. 13; 
FIG. 17 is a block diagram showing the arrange- 
ment of the base station in the modification of the 
system shown in FIG. 13; 

FIG. 18 is a schematic diagram showing the 
arrangement of a mobile communication system 
according to the fourth embodiment of the present 
invention; 

FIG. 19 is a block diagram showing the arrange- 
ment of an integrated control apparatus used in the 
system shown in FIG. 18; 

FIG. 20 is a block diagram showing the arrange- 
ment of principal part of a modification of the sys- 
tem shown in FIG. 18; 

FIG. 21 is a schematic diagram showing the 
arrangement of a mobile communication system 
according to the fifth embodiment of the present 
invention; 

FIG. 22 is a block diagram showing the arrange- 
ment of an integrated control apparatus used in the 
system shown in FIG. 21 ; 

FIG. 23 is a block diagram showing the arrange- 
ment of principal part of a modification of the sys- 
tem shown in FIG. 21; 

FIG. 24 is a block diagram showing the arrange- 
ment of a principal part of a mobile communication 
system according to another embodiment of the 
present invention; 

FIG. 25 is a block diagram showing the arrange- 
ment of principal part of a mobile communication 
system according to still another embodiment of the 
present invention; 

FIG. 26 is a block diagram showing the arrange- 
ment of principal part of a mobile communication 
system according to the sixth embodiment of the 
present invention; 
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FIG. 27 is a view showing an example of the chan- 
nel assignment pattern in the system shown in FIG. 
26; 

FIG. 28 is a view showing another example of the 
channel assignment pattern in the system shown in 5 
FIG. 26; 

FIG. 29 is a view showing still another example of 
the channel assignment pattern in the system 
shown in FIG. 26; 

FIG. 30 is a view showing still another example of 10 
the channel assignment pattern in the system 
shown in FIG. 26; 

FIG. 31 is a view showing the layer format for 
explaining an example of a D channel common use 
system; 15 
FIG. 32 is a view showing the layer format for 
explaining another example of the D channel com- 
mon use system; 

FIG. 33 is a view showing still another example of 
the channel assignment pattern in the system 20 
shown in FIG. 26; 

FIG. 34 is a view showing still another example of 
the channel assignment pattern in the system 
shown in FIG. 26; 

FIG. 35 is a schematic diagram showing the 25 
arrangement of a mobile communication system 
according to the seventh embodiment of the 
present invention; 

FIG. 36 is a block diagram showing the arrange- 
ment of a base station apparatus in the system 30 
shown in FIG. 35; 

FIG. 37 is a flow chart showing the mobile station 
position registration processing procedure exe- 
cuted in the base station apparatus shown in FIG. 
36; 35 
FIG. 38 is a table showing an example of the stor- 
age contents of a database; 
FIG. 39 is a chart showing the position registration 
control sequence executed between a mobile sta- 
tion and the base station apparatus; 40 
FIG. 40 is a flow chart showing the first example of 
the mobile station position erasing processing pro- 
cedure executed in the base station apparatus 
shown in FIG. 36; 

FIG. 41 is a flow chart showing the second example 45 
of the mobile station position erasing processing 
procedure executed in the base station apparatus 
shown in FIG. 36; 

FIG. 42 is a flow chart showing the third example of 
the mobile station position erasing processing pro- so 
cedure executed in the base station apparatus 
shown in FIG. 36; 

FIG. 43 is a flow chart showing the fourth example 
of the mobile station position erasing processing 
procedure executed in the base station apparatus 55 
shown in FIG. 36; 

FIG. 44 is a flow chart showing the call terminating 
processing procedure executed in the base station 
apparatus shown in FIG. 36; and 



FIG. 45 is a flow chart showing the mobile station 
call generation processing procedure executed in 
the base station apparatus shown in FIG. 36. 

Best Mode of Carrying Out the Invention 

The embodiments of the present invention will be 
described hereinafter with reference to the accompany- 
ing drawings. 

(First Embodiment) 

FIG. 2 is a schematic diagram showing the arrange- 
ment of a mobile communication system according to 
the first embodiment of the present invention. In the sys- 
tem of this embodiment, a private system and a. public 
system are built in a common service area, and a plural- 
ity of shared base stations ICS1, ICS2,... are distributed 
and arranged in the service area. These shared base 
stations ICS1, ICS2,... respectively form radio zones 
ZB1, ZB2,... for the private system, and radio zones 
2C1 , 2C2,... for the public system. 

The shared base stations ICS1, ICS2,... are con- 
nected to an analog telephone network (PSTN) PNW 
via a plurality of analog subscriber's lines, and are also 
connected to an integrated services digital network 
(ISDN) INW via a plurality of ISDN subscriber's lines. 

Mobile stations BMS1, BMS2,... for the private sys- 
tem, and mobile stations MS1, MS2,... for the public 
system are radio-connected to the shared base stations 
ICS1 , ICS2,... by a time-division, multiple-access - time- 
division, dual (TDMA-TDD) system in the radio zones 
2B1, ZB2,... for the private system and the radio zones 
ZC1, ZC2,... for the public system, which zones are 
respectively formed by the shared base stations ICS1, 
ICS2,.... 

In the system of this embodiment, one frame is 
obtained by time-division multiplexing four transmission 
slots and four reception slots, and one pair of transmis- 
sion and reception slots of these transmission and 
reception slots are used as control channel transmis- 
sion and reception slots. The remaining three pairs of 
transmission and reception slots are used as communi- 
cation slots. 

Note that BS in FIG. 2 indicates a base station 
exclusively used for the private system, and CS indi- 
cates a base station exclusively used for the public sys- 
tem. In radio zones ZB and ZC formed by these base 
stations BS and CS, the mobile stations BMS for the pri- 
vate system and the mobile stations MS for the public 
system can respectively communicate with the base 
stations BS and CS. 

FIG. 3 is a schematic block diagram showing the 
arrangement of the shared base station. 

The shared base station comprises a network inter- 
face 1 , a transmission modulation circuit unit 2, a recep- 
tion demodulation circuit unit 3, a frequency synthesizer 
4 for supplying a local oscillation frequency for tuning to 
these circuit units 2 and 3, an antenna multiplexer 5, a 
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transmission/reception antenna 6, and a control circuit 
7. 

The network interface 1 attains physical interfaces 
between the analog telephone network PNW and the 
ISDN via an analog subscriber's line group ASL and 
ISDN subscriber's lines ISL, and connects between 
transmission/reception time slots, and the analog tele- 
phone network PNW and the ISDN. 

The transmission modulation circuit unit 2 com- 
prises a modulator and a transmitter. The unit 2 digitally 
modulates a communication signal supplied from the 
network interface 1 or a control signal supplied from the 
control circuit 7 using the modulator, frequency-con- 
verts the modulated signal into a radio frequency corre- 
sponding to a communication or control channel by 
mixing it with the local oscillation signal generated by 
the frequency synthesizer using the transmitter, ampli- 
fies the radio frequency to a predetermined transmis- 
sion power, and then transmits the amplified signal from 
the antenna 6 toward a mobile station via the antenna 
multiplexers. 

The reception demodulation circuit unit 3 com- 
prises a receiver and a demodulator. The unit 3 fre- 
quency-converts an RF reception signal which is 
received by the antenna and is then input via the 
antenna multiplexer 5, into a reception IF signal by mix- 
ing it with the local oscillation frequency generated by 
the frequency synthesizer 4 using the receiver, and dig- 
itally demodulates the reception IF signal, thereby 
reconstructing a baseband communication signal and 
control signal. The unit 3 supplies the communication 
signal to the network interface 1 . 

The control circuit 7 comprises, e.g., a microcom- 
puter, and newly comprises a control signal transmis- 
sion/reception control means as the shared base station 
in addition to normal control functions such as transmis- 
sion/reception control of radio zone control signals, des- 
ignation of a frequency to the frequency synthesizer 4, 
control associated with searching for an unoccupied 
communication channel and determination of the com- 
munication channel, switching control of the transmis- 
sion reception timings of the multiplexer, and the like. 

The control signal transmission/reception control 
means has a function of transmitting/receiving a con- 
^ nection control signal by time-divisionally and intermit- 
tently setting control channels assigned in advance to 
the private system and the public system, and a function 
of variable-controlling the transmission power levels of 
the connection control signal in correspondence with 
cases wherein the signal is to be transmitted to the pri- 
vate system and wherein the signal is to be transmitted 
to the public system. 

FIG. 4 is a chart showing an example of the trans- 
mission/reception timings of the connection control sig- 
nal with respect to the private system and the public 
system. As described above, one frame in the TDMA- 
TDD system is one obtained by time-division multiplex- 
ing four transmission slots and four reception slots, and 
the transmission slots include one control signal trans- 



mission slot TC and three communication transmission 
slots TS. On the other hand, the reception slots include 
one control signal reception slot RC and three commu- 
nication reception slots RS. 

5 In a control signal transmission slot TC1 in an arbi- 
trarily selected frame 1, the shared base station 
switches the transmission/reception channel frequency 
to a control channel frequency fBC and transmits a con- 
nection control signal CBST to the private system. In a 

10 control signal reception slot RC1 of the same frame, the 
shared base station receives a connection control sig- 
nal CBSR coming from the mobile station BMS of the 
private system. Furthermore, in a control signal trans- 
mission slot TCi in another arbitrarily selected frame i, 

15 the shared base station switches the transmis- 
sion/reception channel frequency in turn to a control 
channel frequency f CC for the public system and trans- 
mits a connection control signal CCST to the public sys- 
tem. Subsequently, the shared base station receives a 

20 connection control signal CCSR coming from the mobile 
station MS of the public system using a control signal 
reception slot RCi of the same frame. The shared base 
station intermittently performs the transmission/recep- 
tion operations of the connection control signals to the 

25 private system and the transmission/reception opera- 
tions of the connection control signals to the public sys- 
tem at random time intervals. 

On the other hand, the transmission power levels of 
the connection control signals are set as follows. FIG. 5 

30 shows the map of a floor of a department store to 
explain an example of the transmission power levels. In 
FIG. 5, reference numerals RM1 and RM4 denote office 
rooms; RM2, RM3, and RM7, sales rooms, RM5, a util- 
ity space; RM6, an elevator hall; and RM8. a stairway 

35 space. Of these spaces, the sales rooms RM2, RM3, 
and RM7, the elevator hall RM6, and the stairway space 
RM8 need be included in the service areas of both the 
private system and the public system, but the office 
rooms RM1 and RM4 are preferably included in the 

40 service area of only the private system and excluded 
from the service area of the public system. Also, the util- 
ity space RMS is preferably excluded from the service 
areas of both the public system and the private system. 
For this purpose, in the shared base station 1CS1, 

45 the transmission power level of the connection control 
signal for the private system is set to be large so that the 
office room RM1 is included in a service area ZB10, as 
shown in FIG. 5, and the transmission power of the con- 
nection control signal and communication signals for 

so the public system is set, so that the office room RM1 is 
excluded fronra service area ZC10. On the other hand, 
in the shared base station ICS2, as indicated by ZC20 
and ZB20 in FIG. 5, the transmission power for the pub- 
lic system is set to be smaller than that for the private 

55 system as in the case of the base station ICS1 , and the 
transmission power for the private system is set to be 
that in the base station ICS1 to exclude the utility space 
RM5 from its service area ZB20. 

In the remaining shared base stations ICS3 and 
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ICS4, since both the private system and the public sys- 
tem need only cover identical areas ZB30, ZC30, AB40 
and 2C40, as show in FIG. 5, the transmission powers 
of the private system and the public system are set to be 
substantially equal to each other. 5 

The operation of the system with the above-men- 
tioned arrangement will be described below while taking 
as an example a case wherein an incoming call arrives 
from a fixed network. 

First, in the steady state, each shared base station 10 
sets the transmission/reception timings of the connec- 
tion control signal for the private system and the trans- 
mission/reception timings of the connection control 
signal for the public system to be different timings, and 
randomly repetitively sets these timings. 75 

In this state, assume that, for example, an incoming 
call addressed to the mobile station MBS1 of the private 
system arrives from the analog telephone network 
PNW. In response to this call, in the control signal trans- 
mission slot TC1 for the private system, the shared 20 
base station switches the transmission/ reception chan- 
nel frequency to the private control channel frequency 
fBC by designating the local oscillation frequency of the 
frequency synthesizer 4, and transmits a ringing signal. 
Note that the transmission power level of the ringing sig- 25 
nal at this time is adjusted to a value which is set in 
advance in correspondence with the service area range 
of the private system that the shared base station ICS1 
is to cover. 

Upon reception of the ringing signal , the mobile sta- 30 
Won BMS1 sends back an incoming call response signal 
using the control signal reception slot RC1 of the same 
frame. 

After the ringing signal is transmitted, the shared 
base station ICS1 monitors arrival of the incoming call 35 
response signal coming from the mobile station BMS1 
in the control signal reception slot RC1 of the same 
frame. Upon reception of the incoming call response 
signal, the shared base station searches for an unoccu- 
pied communication channel, and selects an appropri- ao 
ate communication channel. For example, assuming 
that a first communication slot TS1 1 is in use, and sec- 
ond and third communication slots TS12 and TS13 are 
not in use, as shown in FIG. 6, the shared base station 
selects a communication channel of a frequency which 45 
is not occupied during the period of the second or third 
communication slot. The shared base station forms a 
control signal for informing the mobile station BMS1 of 
the selected communication channel, e.g., the second 
communication slot of a frequency fsi, and transmits the so 
formed control signal using a control transmission slot 
TC2 of the next frame. 

Upon reception of this control signal, the mobile 
station BMS1 switches the subsequent transmis- 
sion/reception channel of its own to the designated ss 
communication channel. On the other hand, the shared 
base station ICS1 switches the transmission/reception 
channel of its own to the frequency fsi in the second 
communication slot. In this manner, the mobile station 



BMS1 and the shared base station ICS1 are connected 
via the second slot of the frequency fsi, thus allowing a 
communication. 

On the other hand, assume that an incoming signal 
addressed to the mobile system MS1 of the public sys- 
tem signal arrives from the ISDN network I NW. In this 
case, the shared base station transmits a ringing signal 
in a control transmission slot TCi for the public system 
shown in FIG. 4, and receives an incoming call 
response signal from the mobile station MS1 in a control 
reception slot RCi of the same frame. Thereafter, as in 
the case of the incoming call to the private mobile sta- 
tion BMS1 described above, the shared base station 
searches for an unoccupied communication channel, 
and selects an appropriate communication channel. 
The shared base station informs the mobile station MS1 
of the selected channel, and switches the transmis- 
sion/reception channel of its own to the selected com- 
munication channel. 

In this manner, in the system of this embodiment, 
the shared base station ICS1, ICS2,... are arranged in 
the service area common to the private system and the 
public system, time-divisionally and intermittently trans- 
mit/receive connection control signals for the private 
system and the public system at random repetitive peri- 
ods, and independently and variably set the transmis- 
sion power levels of the connection control signals for 
the private system and the public system in correspond- 
ence with the ranges of radio zones to be set in units of 
shared base stations ICS1 , ICS2 

Therefore, according to this embodiment, the base 
stations can be shared by the private system and the 
public system, and as a consequence, base stations of 
different systems need not be arranged at an identical 
position, thus simplifying the system arrangement and 
attaining a cost reduction. On the other hand, when the 
service area is set indoors such as a department store, 
the appearance of the interior of the store can be pre- 
vented from being spoiled as much as possible. 

Since the transmission power levels of the connec- 
tion control signals can be independently and variably 
set in correspondence with the private system and the 
public system, the service areas of the private system 
and the public system can be independently and arbi- 
trarily set in a public space such as a department store, 
station yard, or the like in correspondence with the serv- 
ice providers' demands. 

(Second Embodiment) 

In this embodiment, a pair of slots of the three pairs 
of communication slots in the TDMA-TDD frame are 
assigned as slots exclusively used for the private sys- 
tem, and with this arrangement, even when the traffic of 
the public system increases, a communication channel 
for the private system can be assured. 

FIG. 7 is a view showing the assignment state of 
communication slots by the system of this embodiment. 
Referring to FIG. 7, the third slots of three pairs of com- 
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munication slots in one frame are assigned as those 
exclusively used for the private system. Therefore, a 
mobile station MS of the public system performs a com- 
munication by selecting one of the first and second slots 
except for the third slots of the three pairs of communi- 5 
cation slots in one frame upon placing an outgoing call 
or receiving an incoming call. Therefore, even when the 
traffic of the public system increases, a mobile station 
BMS of the private system can be prevented from being 
always busy. 10 

On the other hand, exclusive communication slots 
may be permanently assigned to the private system. 
However, in practical operations, such exclusive com- 
munication slots are preferably set in correspondence 
with the time band, or are preferably adaptively set in 15 
correspondence with the traffics of the private system 
and the public system. 

For example, when the private system and the pub- 
lic system are built in the underground market, the traffic 
of the private system increases during the business 20 
hours of the respective shops of the underground mar- 
ket but lowers in a time band other than the business 
hours. Hence, as shown in FIG. 8, one pair of three 
pairs of communication slots are assigned as those 
exclusively used for the private system only during the 25 
time band from 8:00 AM to 6:00 PM as the business 
hours of the respective shops, and all the three pairs of 
communication slots are allowed to be used in both the 
private system and the public system in the remaining 
time band. 30 

On the other hand, when changes in traffic of a plu- 
rality of systems are hard to predict, the shared base 
station may measure the traffic characteristics of the 
respective systems during, e.g., a past predetermined 
period, and may adaptively determine the number of 35 
slots to be exclusively assigned to the respective sys- 
tems in correspondence with the changes in traffic char- 
acteristics. 

For example, when the traffic characteristics of sys- 
tems 1 and 2 change, as shown in FIG. 9, the traffics of 40 
the two systems are checked at 30-min intervals, and an 
exclusive time slot for the next 30 min is determined on 
the basis of the checking result. More specifically, 
although the traffic amounts 30 min before 9:00 AM are 
not shown, the traffic amount of system 1 is larger than 45 
that of system 2. Hence, the first slot is assigned as the 
exclusive slot of system 1 in the time band until 9:30 
AM. Similarly, since the traffics 30 min before 9:30 AM 
and 10:00 AM of system 1 are higher than those of sys- 
tem 2, the first slot is also set as the exclusive slot of so 
system 1. 

Subsequently, since traffics, 30 min before 10:30 
AM, 1 1 :00 AM, 1 1 :30 AM, 1 2:00 AM, 0:30 PM, 1 :00 PM, 
and 1 :30 PM of system 2 are higher than those of sys- 
tem 1 , one of communication slots is set as the exclu- ss 
sive slot of system 2. Similarly, thereafter, the exclusive 
communication slot assigned to system 1 or 2 is 
changed in correspondence with the traffics in 30 min at 
30-min intervals. 



With this arrangement, even when changes in traf- 
fic of a plurality of systems are hard to predict, the exclu- 
sively assigned slot can be adaptively changed in 
correspondence with the traffics of the systems. 

In the above-mentioned example, one communica- 
tion slot is always assigned as the exclusive slot of sys- 
tem 1 or 2. Alternatively, the subsequent control may be 
made. That is, the traffics of systems 1 and 2 in last 30 
min are checked, and the difference between the aver- 
age values of the traffics is detected. If the difference 
value is less than a predetermined amount, no commu- 
nication slot is assigned to either system 1 or 2; if the 
difference value is equal to or larger than the predeter- 
mined amount, a communication slot is exclusively 
assigned to one of systems 1 and 2 with the higher traf- 
fic. With this arrangement, communication slots can be 
assigned more appropriately. 

Note that the first and second embodiments may be 
modified as follows. 

For example, in the first embodiment, the shared 
base stations ICS1, ICS2,... are directly connected to 
the fixed networks via a plurality of analog subscriber's 
lines and a plurality of ISDN subscriber's lines. Alterna- 
tively, as shown in FIG. 10, all the shared base stations 

ICS1 , ICS2 may be temporarily accommodated in an 

exchange control apparatus EX, and may be connected 
to the analog telephone network PNW and the ISDN 
network INW via the exchange control apparatus EX. 

In the first embodiment, each shared base station 
independently and variably sets the transmission power 
levels of the connection control signals for the private 
system and the public system in correspondence with 
the sections in the department store, thereby forming 
the service area of only the private system in the section 
such as the office room, and forming the service areas 
of both the private system and the public system in the 
section of the sales room, as shown in FIG. 5. 

However, as another example, the transmission 
power levels for the private system and the public sys- 
tem may be variably set in consideration of the service 
area of public base stations already arranged outside 
the department store. 

For example, as shown in FIG. 11, assume that 
existing public base stations CSa, CSb, and CSc are 
equipped outside the department store, and service 
areas ZCa, ZCb, and ZCc formed by these public base 
stations CSa, CSb, and CSc extend into the department 
store via portions that can relatively easily transmit radio 
waves such as outer walls 52 consisting of glass, an 
entrance, and the like of the department store. Note that 
reference numeral 51 denotes concrete wall surfaces 
with iron reinforcing rods or the like, which correspond 
to portions with high radio wave shielding properties. 

In this case, shared base stations ICS1 to ICS5 
newly equipped in the department store need not cover 
the service areas ZCa, ZCb, and ZCc . of the outdoor 
public base stations CSa, CSb, and CSc. For this rea- 
son, of the shared base stations ICS1 to ICS5 newly 
equipped indoors, the shared base stations ICS4 and 
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ICS5 which are relatively dose to the outdoor public 
base stations CSa, CSb, and CSc set the transmission 
power levels for the public system to be relatively small 
values. However, the transmission power levels for the 
private system are set to be large values since they 
must cover broader ranges of the interior of the depart- 
ment as much as possible irrespective of the service 
areas ZCa, ZCb, and ZCc formed by the outdoor public 
base stations CSa, CSb, and CSc. 

As a consequence, in a region, relatively near the 
entrance, in the department store, the shared base sta- 
tions ICS4 and ICS5 respectively form areas ZB4 and 
ZB5 having broad ranges for the private system and 
areas ZC4 and ZC5 for the public system smaller than 
the areas ZB4 and ZB5, as shown in FIG. 11. 

Note that the transmission power levels of the 
shared base stations ICS1 to ICS3, which are relatively 
, distant from the outdoor public base stations CSa. CSb, 
and CSc, are set to have relatively large values that are 
substantially equal to each other for both the public sys- 
tem and the private system. Therefore, in a deep region 
in the department store, the shared base stations ICS1 
to ICS3 respectively form areas ZB1 to ZB3 for the pri- 
vate system and areas ZC1 to ZC3 for the public sys- 
tem, which areas can cover broad ranges and have 
substantially the same sizes, as shown in FIG. 1 1 . 

With this arrangement, the consumption power of 
some shared base stations newly equipped in the 
department store can be reduced, thus reducing run- 
ning cost. 

In the description of the first and second embodi- 
ments, the base stations are shared by the private sys- 
tem and the public system. However, the base stations 
may be shared by the private system and a plurality of 
public systems, i.e., by three or more different systems, 
or may be shared by a plurality of public systems. 

When the base stations are to be shared by a plu- 
rality of public systems, the transmission/reception tim- 
ings of connection control signals may be designed, as 
shown in FIG. 12. 

More specifically, in a control signal transmission 
slot TC1 in an arbitrarily selected frame 1, each shared 
base station switches the transmission/reception chan- 
nel frequency to a control channel frequency fBC of a 
first public system and transmits a connection control 
signal CDST for the first public system. The shared 
base station receives a connection control signal CDSR 
coming from a mobile station of the first public system 
using a control signal reception slot RC1 in the same 
frame. Furthermore, in a control signal transmission slot 
TCi in another arbitrarily selected frame i, the shared 
base station switches the transmission/reception chan- 
nel frequency in turn to a control channel frequency fEC 
for a second public system and transmits a connection 
control signal CEST for the second public system. The 
shared base station receives a connection control sig- 
nal CESR coming from a mobile station of the second 
public system in a control signal reception slot RCi in 
the same frame. The shared base station intermittently 



performs the transmission/reception operations of the 
connection control signals for the first public system and 
the transmission/reception operations of the connection 
control signals for the second public system at random 
s time intervals. 

Furthermore, in the second embodiment, one pair 
of three pairs of communication slots are exclusively 
assigned to the public or private system. Alternatively, 
two pairs of slots may be exclusively assigned. On the 
10 other hand, in a system that uses a frame consisting of 
a larger number of communication slots, three or more 
pairs of communication slots may be exclusively 
assigned. 

Furthermore, in the first and second embodiment, 
is the system that adopts the TDMA-TDD system has 
been exemplified. Alternatively, the present invention 
may be applied to a system that employs a TDMA-FDD 
system. 

Furthermore, the present invention may be applied 
20 to other systems such as a digital vehicle portable tele- 
phone system. In addition, the arrangement of each 
shared base station, the procedure and contents of the 
transmission/reception control of the connection control 
signal, the procedure and contents of the transmission 
25 power level variable control of the connection control 
signal, the control procedure and the control contents 
upon exclusively assigning communication slots to a 
specific system, and the like may be variously modified 
without departing from the scope of the present inven- 
30 tion. 

Note that the respective mobile communication 
systems described in the above embodiments can pro- 
vide further significant effects such as improvement in 
line use efficiency when they employ an integrated con- 
35 trol apparatus and a selection base station to be 
described in the subsequent embodiments (e.g., when 
they employ the system arrangement shown in FIG. 13). 



40 



(Third Embodiment) 



FIG. 13 is a schematic diagram showing the 
arrangement of a mobile communication system 
according to the third embodiment of the present inven- 
tion. 

45 Of a plurality of base stations which are distributed 
in a service area, for example, a plurality of base station 
groups CSa1 and CSa2, which are equipped in areas 
with a low traffic density, are respectively accommo- 
dated in integrated control apparatuses ISa1 and ISa2 
so via P lines, and are respectively connected from these 
integrated control apparatuses ISa1 and ISa2 to a pub- 
lic digital network INW via r lines. At this time, the 
number of P lines connecting one of the integrated con- 
trol apparatuses ISa1 and ISa2 and the public digital 
55 network INW is set to be smaller than a total number of 
P lines required for connecting the base stations CSa1, 
CSa1,... to the integrated control apparatus ISa1 or 
ISa2. 

The integrated control apparatuses ISa1 and ISa2 
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have the following arrangement. FIG. 14 is a block dia- 
gram showing the arrangement. Note that the integrated 
control apparatuses ISal and ISa2 have the same 
arrangement, and hence, FIG. 14 shows only the inte- 
grated control apparatus ISa1 as a representative 
arrangement. _ 

The integrated control apparatus ISa1 comprises a 
first I' line interface 1 1 to which the base stations CSa1 , 
CSa1,... are connected via the I' lines, a second P line 
interface 12 connected to the public digital network INW 
via the I' lines, a switch unit 13a, and a main control unit 
14a. 

The first P line interface 1 1 performs the interfacing 
operation for the P lines connected to the base stations 

CSa1, CSa1 and terminates the P lines under the 

control of the main control unit 14a to exchange control 
signals and speech communication data between the P 
lines and the switch unit 13a. 

The second P line interface 12 performs the inter- 
facing operation for the P lines connected to the public 
digital network INW, and terminates the P lines under 
the control of the main control unit 1 4a to exchange con- 
trol signals and speech communication data between 
the P lines and the switch unit 13a. 

The switch unit 13a performs the switching opera- 
tion of B channels between the first and second P line 
interfaces 11 and 12 under the control of the main con- 
trol unit 14a. Note that the switch unit 13a relays D 
channels. 

- The main control unit 14a has a function of manag- 
ing the position information of mobile stations present in 
the own radio areas formed by the base stations CSa1, 
CSa1,... using a database, a function of specifying the 
current position of a mobile station, which is to receive a 
call, using the database when the call addressed to the 
mobile station comes from the public digital network 
INW, and controlling the corresponding base station to 
perform call terminating processing, and a function of 
discriminating whether or not a call origination request 
received from a mobile station designates as a called 
party another mobile station present in its own radio 
areas, loopback-connecting the mobile station as the 
calling party and the mobile station as the called party 
via the switch unit 13a if the request indicates a mobile 
station present in the own radio areas, and sending a 
call origination request onto the public digital network 
INW via the second P line interface 12 if the called party 
is a terminal connected to the public digital network 
INW. 

On the other hand, the base stations CSa1, 
CSa2,... have the following arrangement. FIG. 15 is a 
block diagram showing the arrangement. Note that the 
base stations CSa1, CSa2,... have the same arrange- 
ment, and FIG. 1 5 shows only the base station CSa1 as 
a representative arrangement. 

The base station CSai comprises an antenna 21, a 
radio (RF) unit 22, a modem codec unit 23, a switch unit 
24, and an P line interface 25, and also comprises a 
radio control unit 26a and a main control unit 27. 



The P line interface 25 performs interfacing for the P 
line connected to the integrated control apparatus ISal , 
and terminates the P line under the control of the main 
control unit 27 to exchange control signals and commu- 

5 nication data between the P line and the switch unit 24. 
The switch unit 24 transfers communication data 
from a B channel of the P line to a radio channel and 
also transfers communication data from a radio line (air 
interface) to a B channel of the P line under the control 

w- of the main control unit 27. 

The modem codec unit 23 has a function of digitally 
modulating/demodulating communication data 
exchanged with a mobile station via a communication 
channel of the radio line, and a function of performing 

is encoding/decoding processing of communication data. 
The codec performs rate conversion processing 
between the B channel (64 kbps) of the P line and the 
slot (32 kbps) of the radio channel. As the digital modu- 
lation/demodulation method, for example, c/4 shift 

20 QPSK is used. As the encoding/decoding processing 
, method, ADPCM is used. 

The radio control unit 26a searches 77 carrier 
waves (1.9G band) of the mobile communication sys- 
tem for an unoccupied carrier upon executing radio 

25 communications with a mobile station, and designates 
the found carrier as a communication channel in the 
radio circuit unit 22. When a control signal is to be trans- 
mitted, the radio control unit designates a permanently 
assigned control channel carrier of the 77 waves in the 

30 radio control unit 22. The radio control unit 22 performs 
radio communications with a mobile station via the 
antenna 21 using the unoccupied carrier designated by 
the radio control unit 26a. 

The main control unit 27 performs connection con- 

35 trol processing associated with call origination/termina- 
tion of a mobile station and exchanges control data 
required for the authentication procedure and charging 
processing with a database of a management control 
apparatus CC arranged by a service provider using the 

40 control channel on the radio line of the D channel of the 
P line. 

The operation of the system with the above-men- 
tioned arrangement will be described below. 

Assume that a mobile station present in the radio 

45 areas formed by the base stations CSa1, CSa1,... con- 
nected to the integrated control apparatus ISal trans- 
mits a call origination request. The call origination 
request is received by one of the base stations CSa1, 
CSai and is transferred from the base station to the 

so integrated control apparatus ISal via the P line. Upon 
reception of the cail origination request, the integrated 
control apparatus ISal recognizes the called party from 
the call origination request, and discriminates based on 
position management information of mobile stations 

55 stored in the database in the main control unit 14a 
whether or not the called party is another mobile station 
present in the own radio areas. 

When the called party is another mobile station 
present in the own radio areas, the integrated control 



10 




EP0 769 



apparatus instructs the base station corresponding to 
the area where the mobile station as the called party is 
present to transmit an incoming call signal, and con- 
nects between the B channel of the P line assigned to 
the calling mobile station and the B channel of the I' line 5 
assigned to the called mobile station via the switch unit 
13a. More specifically, when the called party corre- 
sponds to a mobile station present in the own radio 
areas, the integrated control apparatus ISa1 does not 
transfer any call origination request to the public digital w 
network INW t and loopback-connects the calling mobile 
station to the called mobile station within the own appa- 
ratus. 

When the mobile stations are loopback-connected, 
execution of the authentication procedure for the calling 75 
mobile station, i.e., the procedure for accessing a data- 
base in the management control apparatus CC via the 
public digital network INW and a packet network PNW . 
to authenticate the mobile station, is omitted. 

In contrast to this, if the called party is another 20 
mobile station which is not present in the own radio 
areas or is a wired terminal connected to the public dig- 
ital network INW or a subscriber telephone network 
SNW, the integrated control apparatus sends the call 
origination request from the P line interface 12 to the 25 
public digital network INW 

Meanwhile, assume that an incoming call comes 
from the public digital network INW. Then, the integrated 
control apparatus ISa1 specifies the current position of 
a mobile station as a called party by searching the data- 30 
base in the main control unit 14a, and transmits an 
incoming call signal from the base station correspond- 
ing to the specified current position to the called mobile 
station. The integrated control apparatus connects the 
radio communication channel assigned by the base sta- 35 
tion to the called mobile station to the B channel of the P 
line, thus allowing tommunications between the calling 
terminal and the called mobile station. 

As described above, according to this embodiment, 
the P lines of the plurality of base stations CSa1, 40 
CSa1 equipped in areas with a low traffic density are 
accommodated in the integrated control apparatus 
ISa1, which connects the base stations CSa1, CSa1 .... 
to the public digital network INW via the P lines of the 
public digital network INW, the number of which is 45 
smaller than the total number of channels of the P lines 
connected to the base stations. 

Therefore, the plurality of base stations CSa1, 
CSa1,... can be connected to the public digital network 
INW using the P lines corresponding to a smaller so 
number of channels. For this reason, even in an area 
with a low traffic density, the P lines of the public digital 
network INW can be efficiently used, and the effective 
use of the public P lines can be attained. 

In this embodiment, the database for storing the 55 
position management information of mobile stations 
present in the own radio areas is arranged in the main 
control unit 14a of each of the integrated control appa- 
ratuses ISa1 and ISa2, and when a call origination 
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request comes from a mobile station present in the own 
radio areas, whether or not the called party corresponds 
to another mobile station present in the own radio area 
is discriminated based on the contents of the database. 
If it is determined that the called party is another mobile 
station present in the own radio areas, the calling 
mobile station is connected to the called mobile station 
via the switch unit 13a in the own apparatus without 
generating any call onto the public digital network INW. 

Therefore, the call amount to be generated onto the 
public digital network INW can be decreased, thus low- 
ering the traffic on the public digital network INW. 

Note that the third embodiment allows the following 
modification. 

That is, in the third embodiment, the existing base 
stations CSa1 , CSa1 .... are connected to the integrated 
control apparatus ISa1 without any modifications. Alter- 
natively, the main control unit arranged in each base 
station may be removed, and the removed function may 
be provided to the main control unit of the integrated 
control apparatus ISal. 

FIG. 16 is a block diagram showing the arrange- 
ment of an integrated control apparatus ISb1 in this 
case. The integrated control apparatus iSbl comprises 
the P line interface 1 2 connected to the public digital net- 
work INW via P lines, an RF interface 15, a switch unit 
13b for performing relay transfer processing of data 
between the P line interface 12 and the RF interface 15, 
and a main control unit 1 4b. 

Of these components, the RF interface 15 is con- 
nected to a plurality of simplified base stations CSb1 , 
CSb1 The RF interface 15 exchanges communica- 
tion data with the simplified base stations CSb1. 
CSb1 .... under the control of the main control unit 14b. 

The main control unit 14b performs various kinds of 
control associated with call origination/termination of 
mobile stations using a database, and also performs 
radio connection control between the simplified base 
stations CSb1. CSb1,... and mobile stations, and the 
like. 

FIG. 17 is a block diagram showing the arrange- 
ment of the simplified base station CSb1. In the simpli- 
fied base station CSb1, the main control unit 27 is 
removed from the existing base station CSa1 , which 
has been described above with reference to FIG. 15, 
and the interface for attaining the connection with the 
integrated control apparatus ISbl is exchanged from 
the P line interface 25 to, e.g., an I line interface 28. 

With this arrangement, the arrangement of the sim- 
plified base stations CSb1, CSb1,... can be simplified 
and made compact without hampering the system func- 
tions, thus attaining a great cost reduction. This system 
arrangement is suitable for a case wherein a new sys- 
tem is built in a low-traffic area. In this connection, the 
arrangement described in the third embodiment is suit- 
able since existing base stations can be utilized when 
an integrated control apparatus is additionally arranged 
in the area where the base stations are already 
equipped. 
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(Fourth Embodiment) 

In this embodiment, an integrated control apparatus 
to which a plurality of base stations are connected is 
connected to a public digital network via I lines in addi- s 
tion to r lines, and is also connected to a subscriber tel- 
ephone network SNW via subscriber's lines. When a 
call origination request comes from a mobile station, the 
integrated control apparatus checks the pres- 
ence/absence of an unoccupied I' line, and if no unoc- 10 
cupied I' line is available, the apparatus selects an I line 
or a subscriber's line to generate a call onto the public 
network. 

FIG. 18 is a schematic diagram showing the 
arrangement of a mobile communication system is 
according to this embodiment, and the same reference 
numerals in FIG. 18 denote the same parts as in FIG. 
1 3 above. An integrated control apparatus ISc2 to which 
a plurality of base stations CSc2, CSc2,... are con- 
nected is connected to a public digital network INW via 20 
I lines as well as r lines. An integrated control apparatus 
IScI to which base stations CScl. CSc1,... are con- 
nected is connected to the public digital network INW 
via I lines as well as I' lines, and is also connected to a 
subscriber telephone network SNW via subscriber's 25 
lines. 

FIG. 19 is a block diagram showing the arrange- 
ment of the integrated control apparatus CSc1 , and the 
same reference numerals in FIG. 19 denote the same 
parts as in FIG. 14 above. The integrated control appa- 30 
ratus CSc1 comprises an I line interface 16 and a sub- 
scriber telephone interface 17 in addition to an I' line 
interface 12. 

The I line interface 16 terminates the I line of the 
public digital network INW to transfer communication 35 
data between the I line and a switch unit 13c under the 
control of a main control unit 14c. The subscriber tele- 
phone interlace 1 7 terminates the subscriber's line of 
the subscriber telephone network SNW to transfer com- 
munication data between the subscriber's line and the <o 
switch unit 13c under the control of the main control unit 
14c. More specifically, since the subscriber's line is an 
analog line, the subscriber telephone interface 17 per- 
forms analog/ digital conversion and digital/analog con- 
version of communication data. 45 

The main control unit 14c newly has a selective call 
origination control function of the I line and the sub- 
scriber's line. When a call origination request to the pub- 
. lie network comes from a mobile station, this function 
checks the presence/absence of an unoccupied P line. If so 
an unoccupied P line is found, the function selects the P 
line, and transmits an outgoing call signal to the public 
digital network INW. In contrast to this, -if all the I' lines 
are occupied, the function checks the pres- 
ence/absence of an unoccupied I line, and if an unoccu- 55 
pied I line is found, the function transmits an outgoing 
call signal via the I line. If the I lines are also occupied, 
the function selects the subscriber's line to send an out- 
going call signal onto the subscriber telephone network 
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SNW 

Since this arrangement is used, even when calls 
generated by mobile stations are concentrated to 
occupy all the I' lines, call origination processing can be 
performed using the I line and the subscriber's line, thus 
suppressing the loss probability. 

Note that the fourth embodiment (FIG. 19) has 
exemplified the case wherein the existing base stations 
CSc1, CSc1,... are connected to the integrated control 
apparatus IScI. In addition, as shown in FIG. 20, the 
base stations may be constituted by simplified base sta- 
tions CSd1, CSd1,... each having only a radio circuit 
system, and a main control unit I4d of an integrated 
control apparatus ISd1 may have a radio connection 
control function between these simplified base stations 
CSd1, CSd1,..., and mobile stations. 

With this arrangement, as in the case shown in 
FIGS. 16 and 17, the arrangement of each base station 
can be simplified and made compact, thus attaining a 
further great cost reduction. 

(Fifth Embodiment) 

in this embodiment, an integrated control apparatus 
to which a plurality of base stations are connected is 
connected to a public digital network via I' lines, and is 
also connected to extensions of a private branch 
exchange. When a call origination request comes from 
a mobile station, the integrated control apparatus 
checks the presence/absence of an unoccupied P line, 
and if all the P lines are occupied, the apparatus selects 
the extension to generate a call onto a subscriber tele- 
phone network via the private branch exchange. 

FIG. 21 is a schematic diagram showing a mobile 
communication system according to this embodiment, 
and the same reference numerals in FIG. 21 denote the 
same parts as in FIG. 13. Referring to FIG. 21, an inte- 
grated control apparatus ISe1 is connected to an exten- 
sion of a private branch exchange (PBX) PX. The 
private branch exchange PX accommodates a plurality 
of extension telephones TEL1 1 to TEL1 k, and is also 
connected to a subscriber telephone network SNW via 
a plurality of subscriber's lines. 

FIG. 22 is a block diagram showing the arrange- 
ment of the integrated control apparatus ISe1 , and the 
same reference numerals in FIG. 22 denote the same 
parts as in FIG. 14. The integrated control apparatus 
ISe1 comprises a PBX interface 18 in addition to an I' 
line interface 12. Under the control of a main control unit 
14e, the PBX interface 18 terminates the extension of 
the private branch exchange PX to perform interface 
processing for the extension such as line seizing, 
incoming call detection, and the like, and transfer 
processing of communication data between the exten- 
sion and a switch unit I3e. At this time, if the extension 
of the private branch exchange PX is an analog line, the 
PBX interface also performs analog/digital conversion 
processing and digital/analog conversion processing of 
speech communication data. 
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The main control unit 14e newly has a selective call 
origination control function for the I' line and the exten- 
sion of the private branch exchange PX. When a call 
origination request to the public network comes from a 
mobile station, this function checks the pres- 5 
ence/absence of an unoccupied I' line. If an unoccupied 
P line is found, the function selects this P line, and trans- 
mits an outgoing call signal onto the public digital net- 
work INW. In contrast to this, if all the P lines are 
occupied, the function selects the extension of the pri- 10 
vate branch exchange PX, and sends an outgoing call 
signal to the private branch exchange PX. 

Since such arrangement is used, even when calls 
generated by mobile stations are concentrated to 
occupy all the P lines, a call can be generated onto the is 
subscriber telephone network SNW via the private 
branch exchange PX, thus lowering the loss probability. 

When the called party corresponds to an extension 
telephone of the private branch exchange PX, the call- 
ing mobile station and the called extension telephone 20 
can be extension-connected via only the private branch 
exchange PX without going through the public digital 
network INW and the subscriber telephone network 
SNW, thereby lowering the traffics on the public digital 
network INW and the subscriber telephone network 25 
SNW. 

Furthermore, when a database equivalent to that 
arranged in the main control unit 14e of the integrated 
control apparatus is also arranged in the private branch 
exchange, the calling mobile station and the called 30 
mobile station can be loopback-connected via the pri- 
vate branch exchange. With this arrangement, since 
mobile stations can be extension-connected by utilizing 
the original switch unit function of the private branch 
exchange, the integrated control apparatus need not 35 
loopback-connect mobile stations, thus simplifying the 
switch unit of the integrated control apparatus and its 
control function. 

When a plurality of extensions of the private branch 
exchange PX are connected to the PBX interface 18, 40 
calls are normally generated by preferentially using the 
extensions of the private branch exchange PX, and if 
these extensions are occupied, the P line may be 
selected to generate a call. In this case, when the exten- 
sions of the private branch exchange PX comprise dig- as 
ita! lines equivalent to or corresponding to the I lines of 
the ISDN, the privacy function of the system can be 
effectively maintained. 

In this embodiment as well, as shown in, e.g., FIG. 
23, the base stations connected to the integrated con- so 
trol apparatus ISe1 may be constituted by simplified 

base stations CSf 1 , CSf 1 and a main control unit 1 4f 

of an integrated control apparatus ISf 1 may have a radio 
connection control function between these simplified 
base stations CSf1, CSf1,... and mobile stations, and ss 
the like. With this arrangement, the arrangement of 
each base station can be simplified and made compact, 
thus attaining a further great cost reduction. 

Note that the third to fifth embodiments allow the 
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following modifications. 

In a modification shown in FIG. 24, an integrated 
control apparatus ISg1 comprises a subscriber tele- 
phone interface 1 7 and a PBX interface 18 in addition to 
the P line interface 12. When a call origination request 
comes from a mobile station, a main control unit 14g 
checks the presence/absence of an unoccupied P line, 
and if an unoccupied P line is found, the main control 
unit selects this P line and transmits an outgoing call sig- 
nal onto the public digital network INW. However, when 
all the I' lines are occupied, the main control unit selects 
the extension of the private branch exchange PX or the 
subscriber's line of the subscriber telephone network 
SNW to send an outgoing call signal. 

With this arrangement, even when calls generated 
by mobile stations are concentrated to occupy all the P 
lines, call origination processing can be performed by 
selectively using the extension of the private branch 
exchange PX and the subscriber's line of the subscriber 
telephone network SNW, thus lowering the loss proba- 
bility. 

In this case, when a plurality of extensions of the 
private branch exchange PX are connected to the PBX 
interface 18, calls are normally generated by preferen- 
tially using the extensions of the private branch 
exchange PX, and if these extensions are occupied, the 
P line or the subscriber's line may be selected to gener- 
ate a call. In this case, the extensions of the private 
branch exchange PX preferably comprise digital lines 
equivalent to or corresponding to the I lines of the ISDN. 

In another modification shown in FIG. 25, base sta- 
tions CSg1, CSg1,... shown in FIG. 24 are replaced by 
simplified base stations CSh1, CSh1,... each compris- 
ing only a radio circuit system, and a main control unit 
14h of an integrated control apparatus ISh1 is provided 
with a radio connection control function between these 
simplified base stations CSh1, CSfl,... and mobile sta- 
tions. With this arrangement, the arrangement of each 
base station can be simplified and made compact, thus 
attaining a further great cost reduction. 

(Sixth Embodiment) 

In a mobile communication system of this embodi- 
ment, three service providers X, Y, and Z share one 
base station, and a plurality of I' lines that connect this 
base station and a public digital network are dynami- 
cally assigned to the service providers X, Y, and Z. 

FIG. 26 is a block diagram showing the arrange- 
ment of a base station as principal part of the mobile 
communication system of this embodiment. The base, 
station of this embodiment is constituted by a single 
shared control unit CCS, a plurality of (three in FIG. 26) 
radio units RS1 to RS3 respectively connected to the 
shared control unit CCS. 

Of these units/each of the radio units RS1 to RS3 
comprises an antenna 31 , a radio circuit unit (RF) 32, a 
modem codec unit 33, an interface 34 with the shared 
control unit CCS, and a radio control unit 35. 
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The radio control unit 35 searches 77 carrier waves 
(1.9G band) of the system for an unoccupied carrier 
upon executing radio communications with a mobile sta- 
tion, and designates the found carrier as a communica- 
tion channel in the radio circuit unit 32. When a control 
signal is to be transmitted, the radio control unit desig- 
nates one of control channel carriers permanently 
assigned to the service providers X, Y, and Z in the radio 
control unit 32. As a radio transmission method 
between the radio units RS1 to RS3 and mobile sta- 
tions, TDMA-TDD in which one frame consists of four 
pairs of transmission/reception slots is used. The radio 
control unit 32 performs radio communications with a 
mobile station via the antenna 31 using the carrier des- 
ignated by the radio control unit 35. 

The modem codec unit 33 has a function of digitally 
modulating/demodulating communication data 
exchanged with a mobile station via a communication 
channel on the radio line, and a function of performing 
encoding/decoding processing of communication data. 
The codec unit also performs rate conversion process- 
ing between the B channel (64 kbps) of the T line and 
the transmission/reception slot (32 kbps) of the radio 
channel. As the digital modulation/demodulation 
method, for example, c/4 shift QPSK is employed. As 
the encoding/decoding processing method, ADPCM is 
employed. 

The interface 34 performs interfacing for a signal 
line connected to the shared control unit CCS (to be 
described later), and terminates the signal line to 
exchange control signals and communication data 
between the signal line and the modem codec unit 33. 

On the other hand, the shared control unit CCS 
comprises a radio unit interface 41, an P line interface 
42, a switch unit 43, a main control unit 50, and a data- 
base 60. 

The radio unit interface 41 performs interfacing for 
signai lines connected to the radio units R1 to R3, and 
terminates each of the signal lines under the control of 
the main control unit 50 to exchange control signals and 
communication data between the signal line and the 
switch unit 43. 

The P line interface 42 performs the interfacing 
operation for three pairs of P lines (since each P line has 
two 2B + D lines, the three pairs of P lines have six 2B + 
D lines L1 to L6) connected to the public digital network 
INW, and terminates each P line to exchange control 
signals and speech communication data between the P 
line and the switch unit 43 under the control of the main 
control unit 44. 

The switch unit 43 performs switching of the B 
channels between the radio unit interface 41 and the P 
line interface 42 under the control of the main control 
unit 44. Note that the switch unit relays the D channels. 

The main control unit 44 has an P line assignment 
control means 45 in addition to functions of performing 
various kinds of control associated with outgoing/ 
incoming calls of mobile stations using the database. 
The P line assignment control means 45 variably sets 



the assignment of the D channels and B channels of the 
three pairs of P lines with respect to the three service 
providers, and the following patterns are available as 
the assignment pattern. 

(1) D channel separation, B channel separation type 

In this pattern, as shown in FIG. 27, two lines of six 
2B + D lines L1 to L6 are permanently assigned in 

10 advance to each of the service providers X, Y, and 2. 
Therefore, each of the service providers X, Y, and Z can 
perform communications with the public digital network 
INW by selectively using four B channels and two D 
channels assigned thereto. Since the four B channels 

15 can be sufficiently controlled by one D channel, one of 
the two D channels can be used as an auxiliary chan- 
nel, as indicated by hatching in FIG. 27. 

(2) D channel separation, B channel partially shared 
20 type 

In this pattern, as shown in, e.g., FIG. 28, the three 
lines L1 to L3 of the six 2B + D lines L1 to L6 are respec- 
tively permanently assigned in advance to the service 
25 providers X, Y, and Z, and the remaining three lines are 
sharably assigned to the three service providers X, Y, 
andZ. 

In this pattern, a maximum number of B channels 
that can be used by each of the service providers X, Y, 

30 and Z is a total of 8 channels, i.e., the permanently 
assigned two channels and six channels to be shared. 
Therefore, as compared to the D channel separation, B 
channel separation type pattern, the number of commu- 
nication channels that can be concurrently used for 

35 communications by a single service provider is doubled, 
and the degree of freedom in selecting communication 
channels can be increased. 

As for control channels, independent control chan- 
nels are assigned in correspondence with service pro- 

40 viders X, Y, and Z in such a manner that a channel D1 
on the line L1 is assigned to the service provider X, a 
channel D2 on the line L2 is assigned to the service pro- 
vider Y, and a channel D3 on the line L3 is assigned to 
the service provider Z. For example, when a mobile sta- 

45 tion that subscribes to the service provider X performs a 
communication, if both B channels B1 1 and B12 on the 
line L1 are occupied, an unoccupied B channel is 
searched for from the lines L4, L5, and L6. If an unoccu- 
pied channel is found, the found channel is assigned to 

so the mobile station. In this case, this control is performed 
using the control channel D1 of the service provider X. 

(3) D channel separation, B channel completely shared 
type 

55 

In this pattern, as shown in, e.g., FIG. 29, all the B 
channels on the six 2B + D lines L1 to L6 are sharably 
assigned to the service providers X, Y, and Z, and the D 
channels on the lines L1 to L3 are permanently 
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assigned to the service providers X, Y, and Z. 

In this pattern, since each of the service providers 
X, Y, and Z can use all the 12 B channels, the degree of 
freedom in selecting B channels can be three times that 
in the above-mentioned D channel separation, B chan- s 
nel separation type pattern, but communications of a 
specific service provider may occupy the 12 channels. 

(4) D channel shared, B channel separation type 

10 

In this pattern, as shown in, e.g., FIG. 30, one D 
channel of all the lines L1 to L6, e.g., the D channel D1 
of the line L1 , is sharably assigned to the service provid- 
ers X, Y, and Z, and B channels for two lines, i.e.. four 
channels, are permanently assigned to each of the is 
service providers X, Y, and Z. In this pattern, a maxi- 
mum number of B channels that can be used by each of 
the service providers X, Y, and Z is four. In addition, 
each of the service providers X, Y, and Z makes control 
while negotiating with each other. 20 

(5) D channel shared, B channel partially shared type 

In this pattern, as shown in, e.g., FIG. 33, as for the 
B channels, three lines L1 to L3 of the six 2B + D lines 25 
L1 to L6 are permanently assigned in advance to the 
service providers X, Y, and Z, and the remaining three 
lines are sharably assigned to the service providers X, 
Y and Z. As for the D channels, one D channel D1 is 
sharably assigned to the service providers X, Y, and Z. so 

in this pattern, a maximum number of B channels 
that can be used by each of the service providers X, Y, 
and Z, is a total of eight channels, i.e., the permanently 
assigned two channels and sharable six channels, and 
hence, the number of communication channels with 35 
which one service provider can concurrently perform 
communications can be doubled as compared to the D 
channel separation, B channel separation type pattern. 

(6) D channel shared, B channel completely shared 40 
type 

In this pattern, as shown in FIG. 34, all the B chan- 
nels of the lines L1 to L6 are sharably assigned to the 
service providers X, Y, and Z, and a D channel D1 of the 45 
line L is sharably assigned to the service providers X, Y, 
and Z. 

In this pattern, since each of the service providers 
X, Y, and Z can use all the 12 B channels, the degree of 
freedom in selecting B channels can become three so 
times that of the above-mentioned D channel separa- 
tion, B channel separation type pattern. As for the con- 
trol channel, the service providers X, Y, and Z use one 
D channel D1 while negotiating with each other. 

In the channel assignment patterns that share the 55 
D channel of those described above, the D channel is 
shared as follows. 

FIG. 31 shows an example that multiplexes data in 
layer 2 of an I* interface used between the public digital 
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network INW as a fixed network, and the base station. 
More specifically, the format of layer 2 is similar to that 
of layer 2 used in a so-called HDLC (High Level Data 
Link Control) procedure, as shown in FIG. 31 (the left 
side), and an address, control, data, and CRCC (Cyclic 
Redundancy Check Code) are sandwiched between 
specific bit patterns called flags. Note that an area 
called TEI (Terminal Endpoint Identifier) of the address 
portion is used for multiplexing a control signal, and its 
format is shown in FIG. 31 (the right side). The TEI is 
used for identifying a pass-connected terminal in a nor- 
mal ISDN basic interface, but is utilized for identifying a 
service provider in this case. Since TEI has a 7-bit con- 
figuration, it can designate decimal values ranging from 
0 to 127. 

Therefore, for example, when the control signal for 
the service provider X is to be transmitted, 0 is set in the 
TEI; when the control signal for the service provider Y is 
to be transmitted, 2 is set in the TEI; and furthermore, 
when the control signal for the service provider Z is to 
be transmitted, 3 is set in the TEI. In this manner, the 
control signals of a plurality of service providers can be 
transmitted using a single D channel. 

On the other hand, FIG. 32 shows an example that 
multiplexes data in layer 3 of the I' interface used 
between the public digital network INW as a fixed net- 
work, and the base station. More specifically, the format 
of layer 3 is constituted by a protocol identifier, call 
number, message type, and various information ele- 
ments, as shown in FIG. 32 (the left side). A call number 
value in an area called the call number is used for multi- 
plexing, and its format is shown in FIG. 32 (the right 
side). In this example, since the call number value is 
expressed by 7 bits, it can designate decimal values 
ranging from 0 to 127. 

Therefore, as in the case of the TEI, when the con- 
trol signal for the service provider X is to be transmitted, 
0 is set in the call number value; when the control signal 
for the service provider Y is to be transmitted, 2 is set in 
the call number value; and furthermore, when the con- 
trol signal for the service provider Z is to be transmitted, 
3 is set in the call number value. In this manner, the con- 
trol signals of a plurality of service providers can be 
transmitted using a single D channel. 

As described above, in this embodiment, when a 
single base station is shared by the service providers X, 
Y, and Z, the B channels and D channels of the six 2B + 
D lines L1 to L6 connected to the public digital network 
INW are set for the service providers X, Y, and Z by 
selecting an appropriate one of various assignment pat- 
terns. 

Therefore, optimal channel assignment can be 
made in correspondence with, e.g., the numbers of sub- 
scribers, the average traffic densities, and the like of the 
service providers X, Y, and Z, thus efficiently using the I' 
lines. 

Note that the sixth embodiment allows the following 
modifications. 

For example, during the operation of the system, 
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the base station may monitor the number of mobile sta- 
tions present in its radio area, the traffic, and the like in 
units of service providers X, Y, and Z, and may adap- 
tively change the number of communication channels to 
be assigned to the service providers X, Y, and Z on the 5 
basis of the detection results. With this control, a limited 
number of communication channels can be maximally 
efficiently used by the service providers X, Y, and Z. 

On the other hand, the number of communication 
channels to be assigned to the service providers X, Y, w 
and Z may be variably set in accordance with a pre-set 
time schedule. For example, when the service provider 
X has a high traffic in the daytime, and the service pro- 
vider Y has a high traffic in the nighttime, the number of 
channels to be assigned to the service providers X and is 
Y are switched between the daytime and nighttime. With 
this control, channel assignment can be efficiently made 
in correspondence with the tendency of the operation 
states of the service.providers X, Y, and Z. 

20 

(Seventh Embodiment) 

FIG. 35 shows the schematic arrangement of a 
mobile communication system according to the seventh 
embodiment of the present invention. 25 

A base station apparatus CSV of this embodiment 
is constituted by a plurality of radio units RS11 to RS17 
which are distributed in a service area, and an inte- 
grated control unit CCS1 to which these radio units 
RS1 1 to RS1 7 are connected. so 

The plurality of radio units RS11 to RS17 division- 
ally form a plurality of subareas SE1 1 to SE1 7 in a radio 
area GE1 formed by the base station apparatus CS1. 
The integrated control unit CCS1 is connected to a pub- 
lic digital network INW as an ISDN via a plurality of I' 35 
lines. 

The radio units RS1 1 to RS1 7 and the integrated 
control unit CCS1 have the following arrangement. FIG. 
36 is a block diagram showing the arrangement. 

Each of the radio units RS1 1 to RS1 7 comprises an 40 
antenna 31 , a radio circuit unit (RF) 32, a modem codec 
unit 33, an interface 34 with a shared control unit CCS, 
and a radio control unit 35. 

The radio control unit 35 searches 77 carrier waves 
(1.9G band) of the system for an unoccupied carrier 45 
upon executing radio communications with a mobile sta- 
tion, and designates the found carrier as a communica- 
tion channel in the radio circuit unit 32. When a control 
signal is to be transmitted, the radio control unit desig- 
nates one of control channel carriers permanently so 
assigned to the service providers X, Y, and Z in the radio 
control unit 32. As a radio transmission method 
between the radio units RS1 1 to RS17 and mobile sta- 
tions, TDMA-TDD in which one frame consists of four 
pairs of transmission/reception slots is used. The radio 55 
control unit 32 performs radio communications with a 
mobile station via the antenna 31 using the carrier des- 
ignated by the radio control unit 35. 

The modem codec unit 33 has a function of digitally 
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modulating/demodulating communication data 
exchanged with a mobile station via a communication 
channel on the radio line, and a function of performing 
encoding/decoding processing of communication data. 
The codec unit also performs rate conversion process- 
ing between the B channel (64 kbps) of the P line and 
the transmission/reception slot (32 kbps) of the radio 
channel. As the digital modulation/demodulation 
method, for example, c/4 shift QPSK is employed. As 
the encoding/decoding processing method, ADPCM is 
employed. 

The interface 34 performs interfacing for a signal 
line connected to the shared control unit CCS (to be 
described later), and terminates the signal line to 
exchange control signals and -communication data 
between the signal line and the modem codec unit 33. 

On the other hand, the shared control unit CCS 
comprises a radio unit interface 41 , an r line interface 
42, a switch unit 43, a main control unit 50, and a suba- 
rea management database 60. 

The radio unit interface 41 performs interfacing for 
signal lines connected to the radio units RS1 1 to RS17, 
and terminates each of the signal lines to exchange 
control signals and communication data between the 
signal line and the switch unit 43 under the control of the 
control unit 50. 

The T line interface 42 performs the interfacing 
operation for a plurality of P lines connected to the public 
digital network INW, and terminates each of the P lines 
to exchange control signals and speech communication 
data between the P line and the switch unit 43 under the 
control of the control unit 50. 

The switch unit 43 performs switching of B channels 
between the radio unit interface 41 and the P line inter- 
face 42 under the control of the control unit 50. Note that 
the switch unit relays the D channels. 

The control unit 50 is constituted using, e.g., a 
microcomputer, and comprises a line control unit 51 , a 
call processing control unit 52, a mobile station monitor- 
ing control unit 53, a position registration/ erasing con- 
trol unit 54, and a main control unit 55 for systematically 
controlling these control units. 

The line control unit 51 supplies an instruction to 
the P line interface 42 to control connection, communi- 
cations, disconnection, and the like of the P lines with 
the public digital network, and also supplies an instruc- 
tion to the radio control units 35 in the radio units RS1 1 
to RS17 via the radio unit interface 41 to perform con- 
nection control of the radio line between the radio units 
RS1 1 to RS17 and mobile stations. 

The call processing control unit 52 specifies the 
position of a mobile station on the basis of information 
stored in the subarea management database 60 and 
performs call origination/termination processing when 
an outgoing/incoming call associated with the mobile 
station present in the radio area GE1 of the own base 
station apparatus is generated. 

The mobile station monitoring control unit 53 moni- 
tors movements of mobile stations from the own radio 
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area GE1 to other radio areas GE2, GE3,..., movements 
of mobile stations from the radio areas GE2, GE3,... of 
other base station apparatuses to the own radio area 
GE1, and movements among the subareas SE11 to 
SE17 in the own radio area GE1 by utilizing the position 5 
registration procedure performed with the mobile sta- 
tions. 

The position registration/erasing control unit 54 
stores mobile station management information in the 
subarea management database 60, changes the mobile 10 
station management information stored in the subarea 
management database 60, and erases the mobile sta- 
tion management information from the subarea man- 
agement database 60 on the basis of the monitoring 
results of the mobile station monitoring control unit 53. 15 

The operation of the base station apparatus CSV 
with the above-mentioned arrangement will be 
described below. 

The position registration procedure is performed 
between each base station apparatus and each mobile 20 
station present in the radio area formed by this base 
station apparatus when the power switch of the mobile 
station is turned on, when the mobile station enters the 
radio area, when the mobile station exits the radio area, 
and when the area number or the like is changed in the 25 
base station apparatus. In addition to the above-men- 
tioned cases, the position registration procedure is peri- 
odically executed in the standby state. FIG. 39 is a 
sequence chart showing the control procedure. 

More specifically, when a link channel is formed 30 
between a mobile station PS and the base station appa- 
ratus CS1 ' in accordance with a request from the mobile 
station PS, and synchronization therebetween is estab- 
lished, the mobile station PS sends a position registra- 
tion request (MM) to the base station apparatus CS1, 35 
and also sends a definition information request mes- 
sage (RT). When the base station apparatus CSV 
receives the definition information request message 
after it receives the position registration request, it sup- 
plies message information to the mobile station PS 40 
using a definition information response message (RT). 
Subsequently, when the mobile station PS issues an RT 
function request to the base station apparatus CSV 
using a function request message, the mobile station 
PS is informed of the accepted RT function using a 45 
function request response message. The mobile station 
PS informs the base station apparatus CS1 ' of a privacy 
key using a privacy key setting message, and also 
sends an MM function request to the base station appa- 
ratus CSV using a function request message. In so 
response to this request, the mobile station PS is 
informed of the accepted MM function using a function 
request response message. 

Upon completion of the necessary function 
requests from the mobile station PS, the base station 55 
apparatus CSV generates an authentication random 
number, and transmits an authentication request mes- 
sage to the mobile station PS to inform it of the random 
number. Upon reception of the authentication request 
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message, the mobile station PS encrypts the random 
number using its own authentication key, and supplies 
the authentication calculation result to the base station 
apparatus CSV using an authentication response mes- 
sage. Upon reception of the authentication response 
message, the base station apparatus CS1 ' checks if the 
authentication calculation result similarly obtained using 
the authentication random number and the authentica- 
tion key in a home memory of the mobile station PS 
matches that sent from the mobile station PS. When the 
authentication result indicates NG, the base station 
apparatus CSV sends back a position registration deny 
message, and denies the position registration process- 
ing. In contrast to this, when the authentication result 
indicates OK, the position registration processing con- 
tinues. 

When the base station apparatus CS1 ' receives an 
indication indicating the normal end of the position reg- 
istration, it transmits a position registration accept mes- 
sage to the mobile station PS. On the other hand, when 
it is indicated that the position registration cannot be 
accepted, the base station apparatus transmits a posi- 
tion registration deny message to the mobile station PS. 

Upon completion of the position registration proce- 
dure, the radio channel between the base station appa- 
ratus CS1 ' and the mobile station is disconnected. 

In the system shown in FIG. 35, assume that a 
mobile station PS (not shown) present in the radio area 
GE2 has moved to one of the subareas in the radio area 
GE1. Then, the above-mentioned position registration 
control is executed between the mobile station PS and 
the base station apparatus CSV. During execution of 
this position registration procedure, the control unit 50 
of the base station apparatus CSV executes the posi- 
tion registration processing of the mobile station in units 
of subareas with respect to the own subarea manage- 
ment database 60. FIG. 37 is a flow chart showing the 
procedure. 

More specifically, the subarea management data- 
base 60 is searched in step 3a, and it is checked in step 
3b if the position management information of the mobile 
station PS has already been registered in the database 
60. If such position management information is not reg- 
istered, it is determined that the mobile station PS has 
moved from another radio area, and the flow advances 
to step 3c. In step 3c, the position management infor- 
mation is registered in the subarea management data- 
base 60. 

When this registration is performed, the area regis- 
tration procedure for a management control apparatus 
CC is executed in step 3d. More specifically, the line 
control unit 51 and the call processing control unit 52 
are activated to form a link with the management control 
apparatus CC via the public digital network INW and a 
packet network PNW. Area position information is sup- 
plied to the management control apparatus CC via this 
link, and is registered in an area management data- 
base. 

In contrast to this, if it is determined in step 3b that 
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the position management information of the mobile sta- 
tion PS has already been registered in the subarea 
management database 60, it is checked in step 3e if the 
subarea has changed. If the subarea has changed, the 
flow advances to step 3f. In step 3f, the subarea number 
in the corresponding mobile station position manage- 
ment information in the subarea management database 
60 is changed. 

FIG. 38 shows an example of the registration 
results of the position management information in the 
subarea management database 60. 

On the other hand, the position management infor- 
mation of the mobile station registered in the subarea 
management database 60 is erased as follows. In this 
case, five possible registration erasing control opera- 
tions will be explained. 

In the first registration erasing control, when a posi- 
tion registration request signal from the mobile station 
. PS, an access signal upon generating a call, or the like 
cannot be continuously detected for a predetermined 
period of time, the registration is erased. FIG. 40 is a 
flow chart showing this control procedure. 

More specifically, the control unit 50 sets a count 
value in timer 1 and start the timer in step 6a. Trie count 
value of timer 1 is a reference value which is used for 
checking if the mobile station PS is outside the radio 
area of the base station apparatus CSV, and is set with 
reference to the time interval at which the mobile station 
PS periodically accesses the base station apparatus 
CSV for position registration. 

When the control unit 50 starts timer 1 above, it 
repetitively monitors a position registration request sig- 
nal coming from the mobile station PS (step 6b) and an 
access signal coming from the mobile station PS (step 
6c) while monitoring the time-out state of timer 1 in step 
6d. When the position registration request signal or 
access signal coming from the mobile station PS is 
detected before timer 1 reaches the time-out state, the 
flow returns to step 6a to re-set the count value of timer 
1 and start timer 1 . 

On the other hand, in this state, assume that the 
mobile station exits the radio area, or the power switch 
is turned off and consequently, the position registration 
request signal or access signal has not come for a pre- 
determined period of time or more. In this case, timer 1 
has reached the time-out state, and in response to the 
time-out state, the control unit 50 advances its process- 
ing to step 6e to erase the position management infor- 
mation of the corresponding mobile station from the 
subarea management database 60. 

In the second registration erasing control, when a 
call response from the mobile station PS cannot be 
detected although an incoming call signal is transmitted 
to the called mobile station in response to an incoming 
call from the public digital network, the position man- 
agement information of the corresponding mobile sta- 
tion PS is erased. FIG. 41 is a flow chart showing this 
control procedure. 

More specifically, the control unit 50 monitors an 



incoming call from the public digital network INW in step 
7a. Upon detecting an incoming call addressed to a 
mobile station, the subarea management database 60 
is searched in step 7b to specify the subarea where the 

5 called mobile station is present, and an incoming call 
signal is transmitted from the radio unit corresponding 
to the specified subarea in step 7c. After the incoming 
call signal is transmitted, it is monitored in step 7d if an 
incoming call response signal is sent back from the 

10 called mobile station. If it is confirmed during this moni- 
toring that the incoming call signal has been sent back, 
the flow advances to step 7f to execute call connection 
processing for connecting the called mobile station and 
the public digital network INW. 

15 In contrast to this, assume that no incoming call 
response signal is sent back from the called mobile sta- 
tion PS. In this case, the control unit 50 determines that 
the called mobile station PS has set its power supply 
OFF or is outside the own radio area, and the flow 

20 advances to step 7e. In step 7e, the position manage- 
ment information of the corresponding mobile station is 
erased from the subarea management database 60. 

In the third registration erasing control, when the 
base station apparatus CSV changes subarea numbers 

25 assigned to the subareas SE11 to SE17, if a position 
registration request signal which should come from a 
mobile station PS within a predetermined period of time 
cannot be detected, the position management informa- 
tion of the corresponding mobile station is erased. FIG. 

so 42 is a flow chart showing this control procedure. 

More specifically, the control unit 50 sets a count 
value in timer 2 in step 8a, and starts the timer. Thereaf- 
ter, the control unit performs the change processing of 
the subarea numbers in step 8b. At this time, the count 

35 value of timer 2 is set in correspondence with the time 
interval upon periodically updating the subarea num- 
bers. 

After the subarea numbers have changed, the con- 
trol unit 50 sets a count value in timer 3 in step 8c, and 

ao starts the timer. In this state, the control unit monitors a 
position registration request signal coming from a 
mobile station PS in step 8d while monitoring the time- 
out state of timer 3 in step 8f. When the position regis- 
tration request signal from the mobile station PS is 

45 detected before timer 3 reaches the time-out state, the 
flow advances to step 8e to wait for the time-out state of 
timer 2. When the time-out state is confirmed, the flow 
returns to step 8a to repeat the change processing of 
the subarea numbers. 

so In contrast to this, assume that the position registra- 
tion request signal from the mobile station PS cannot be 
detected before timer 3 has reached the time-out state. 
In this case, the control unit 50 determines that the 
called mobile station PS has set its power supply OFF 

55 or is outside the own radio area, and the flow advances 
from step 8f to step 8g. In step 8g. the position manage- 
ment information of the corresponding mobile station is 
erased from the subarea management database 60. 
Furthermore, in the fourth registration erasing con- 
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trol, when an incoming call to a mobile station arrives, 
and the subarea where the called mobile station is 
present is specified by searching the subarea manage- - 
ment database 60, if the specific subarea number is a. 
pre-set special subarea number, the position manage- 5 
ment information of the corresponding mobile station 
PS is erased. FIG. 43 is a flow chart showing this control 
sequence. 

More specifically, assume that in the radio area 
GE1 formed in an amusement park or event site, a sub- 10 
area SE1 7 is formed near the exit of the site in the radio 
area GE1 . In this case, upon detecting that a visitor with 
a mobile station PS has moved from one of the subar- 
eas SE1 1 to SE16 to the subarea SE1 7 formed near the 
exit, the position management information of the corre- is 
sponding mobile station is erased from the subarea 
management database 60, thus managing the exit state 
of visitors by utilizing the subarea management data- 
base 60. 

When the base station apparatus CSV detects, by 20 
its control unit 50, a mobile station position registration 
request signal from the mobile station PS in step 9a, it 
specifies the subarea where the mobile station PS is 
present on the basis of the information stored in the 
subarea management database 60 in step 9b, and 25 
checks in step 9c if the specified subarea number indi- 
cates the subarea SE17 formed near the exit. If the 
specified subarea number does not indicate the suba- 
rea SE17, the processing ends since the registration 
need not be erased. 30 

In contrast to this, if the specified subarea number 
indicates the subarea SE17, the control unit 50 deter- 
mines that the corresponding mobile station PS has 
exited the site, and the flow advances to step 9d. In step 
9d, the position management information of the corre- 35 
sponding mobile station is erased from the subarea 
management database 60. 

Note that the subarea SE17 formed near the exit 
can be utilized not only to check the exit state of visitors 
but also to check the entrance state of people to the site 40 
by monitoring movements from an area outside the 
radio area GE1 into the subarea SE17. 

The incoming call processing and call origination 
processing using the subarea management database 
60 that manages the position management information as 
of each mobile station, as described above, will be 
described below. 

When an incoming call signal comes from the pub- 
lic digital network INW, the I' line interface 42 of the base 
station apparatus CS1 ' detects the mobile station regis- so 
tration number of the called party included in the incom- 
ing call signal. Note that the mobile station registration 
number is a unique number assigned to each mobile 
station, and is a number having a configuration equiva- 
lent to a telephone number used in a general subscriber ss 
telephone network. 

When the mobile station registration number is 
detected, the control unit 50 advances its processing 
from step 10a to step 10b, as shown in FIG. 44. In step 
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S10b, the control unit 50 searches the subarea man- 
agement database 60 to check if a mobile station corre- 
sponding to the detected mobile station registration 
number is registered. If the corresponding mobile sta- 
tion is registered, the subarea where the mobile station 
is present, e.g., the subarea SE12, is specified on the 
basis of the position management information stored in 
the subarea management database 60. if the subarea 
SE12 can be specified, the control unit 50 advances its 
processing to step 10c, and instructs the radio unit 
RS1 2 corresponding to the subarea SE1 2 to transmit an 
incoming call signal. 

As a consequence, the radio unit RS12 transmits 
an incoming call signal. Upon reception of the incoming 
call signal, the mobile station PS sends back an incom- 
ing call response signal to the base station apparatus 
CS1 '. Upon reception of the incoming call response sig- 
nal, the base station apparatus CSV connects a com- 
munication channel on the radio line side to that of the P 
line via the switch unit 43, thus allowing communica- 
tions between the calling terminal and the called mobile 
station PS. 

On the other hand, for example, assume that a call 
origination request comes from a mobile station PS 
present in the subarea SE13. This call origination 
request is detected by the radio unit interface 41, and 
the detection information is supplied to the control unit 
50. 

In response to this information, the flow advances 
from step 1 1 a to step 11 b, as shown in FIG. 45, and the 
control unit 50 detects dial number data of the called 
party from the detection information of the call origina- 
tion request. The control unit then searches the subarea 
management database 60 in step 11c on the basis of 
the dial number data to check in step 1 1d rf the called 
party is another mobile station present in the own radio 
area GE1, or a wired terminal connected to the fixed 
network such as the public digital network INW or 
another mobile station present in another radio area. 

H it is determined that the called party is another 
mobile station present in the own radio area GE1, the 
control unit 1 1 specifies the subarea where the called 
mobile station is present in step 11 e, and instructs the 
radio unit corresponding to the specified subarea to 
transmit an incoming call signal in step 1 1f. When the 
mobile station sends back an incoming call response in 
response to the incoming call signal, a communication 
channel on the radio line assigned to this called mobile 
station is connected to a communication channel 
assigned to the radio line of the calling mobile station 
via the switch unit 43. 

In this manner, the calling mobile station and the 
partner mobile station are connected via the base sta- 
tion apparatus CSV, and thereafter, communications 
between these two mobile stations are allowed. More 
specifically, the calling mobile station and the partner 
mobile station are loopback-connected by the base sta- 
tion apparatus CSV without going through the public 
digital network INW 
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When the mobile stations are loopback-connected, 
the authentication procedure of the calling mobile sta- 
tion with respect to the database in the management 
control apparatus CC of a service provider is omitted. 
As backup data of this database, authentication infor- 
mation may be formed in the subarea management 
database 60 together with the position management 
information, and the calling mobile station may be vol- 
untarily authenticated by searching this information. 

On the other hand, when the called party is another 
mobile station present in the radio area of another base 
station apparatus or is a terminal connected to the fixed 
network such as the public digital network INW, the flow 
advances from step 1 1d to step 1 1 g, and the control unit 
50 instructs the P line interface 42 via the line control 
unit 51 to place a call. Therefore, a call is generated 
onto the public digital network INW. When the partner 
terminal answers this call, a communication channel of 
the P line assigned to this partner terminal is connected 
to the calling mobile station, thus allowing communica- 
tions. 

As described above, in this embodiment, the base 
station apparatus CSV constitutes by the plurality of 
radio units RS11 to RS17 and the shared control unit 
CCS1 to which these radio units RS1 1 to RS1 7 are con- 
nected is arranged, and the plurality of radio units RS1 1 
to RS1 7 divisionally form the plurality of subareas SE1 1 
to SE17 in the radio area GE1 formed by the base sta- 
tion apparatus CS1 '. The subarea management data- 
base 60 is arranged in the shared control unit CCS, and 
stores management information used for managing the 
positions of mobile stations present in the radio areas 
GE1 in units of subareas. Based on the stored informa- 
tion, the call processing control associated with call 
origination/termination of the respective mobile stations 
is executed. 

Therefore, according to this embodiment, the serv- 
ice area to be covered by a plurality of base station 
apparatuses in a conventional system can be systemat- 
ically covered by a single base station apparatus CSa1 , 
and hence, the lines of the public digital network INW 
can be efficiently utilized in an area with a low traffic 
density. 

When a call origination request from a certain 
mobile station to another mobile station present in the 
single ratio area GE1 is generated, this call origination 
request is loopback-connected in the own base station 
apparatus CSa1 without being output onto the public 
digital network INW, thus connecting a plurality of 
mobile stations in a connection pattern like an inter- 
extension connection in a private branch exchange net- 
work. Therefore, as compared to the conventional base 
station that outputs all the call origination requests onto 
the public digital network INW, an increase in traffic den- 
sity of the public digital network can be suppressed. 

Furthermore, since the subareas SE11 to SE17 are 
formed by the radio units RS1 1 to RS1 7 and are simul- 
taneously controlled by the shared control unit CCS, the 
arrangement of the base station apparatus can be sim- 



plified and rendered compact as compared to a case 
wherein base stations are arranged in correspondence 
with the subareas SE1 1 to SE17, thus attaining a cost 
reduction of the system. 
b Note that the present invention is not limited to the 
above-mentioned embodiments, and various modifica- 
tions may be made without departing from the scope of 
the invention. 

10 [Industrial Applicability] 

According to one aspect of the present invention, a 
shared base station time-divisionally and intermittently 
sets control channels of a plurality of mobile communi- 

15 cation networks, and corresponding mobile stations of 
the mobile communication networks can exchange con- 
trol signals using these control channels. More specifi- 
cally, communications between the mobile stations of 
the plurality of mobile communication networks can be 

20 attained by a single shared base station. For this rea- 
son, even when a plurality of mobile communication net- 
works are to be constituted in a common area or place, 
base stations corresponding to these mobile communi- 
cation networks need not be equipped to overlap each 

25 other. Hence, the system arrangement of the mobile 
communication networks can be simplified, and an inex- 
pensive system can be built. Also, the appearance of 
the sales floor of, e.g., a department store can be pre- 
vented from deteriorating. 

30 Also, according to the present invention, the shared 
base station sets different transmission power values of 
control signals in units of mobile communication net- 
works. As a consequence, the service area of the pri- 
vate system and that of the public system can be 

35 independently set, and hence, optimal areas can be set 
in correspondence with the demands of service provid- 
ers although the base station is shared by the plurality 
of mobile communication networks. 

Furthermore, according to the present invention, a 

40 specific one of a plurality of communication slots in one 
frame is permanently assigned to a specific mobile, 
communication network For this reason, when the pri- 
vate system and the public system share the base sta- 
tion, and the traffic of the public system becomes 

45 higher, telephones of the private system can be pre- 
vented from being hard to connect under the influence 
of the traffic of the public system. 

More specifically, although the base station is 
shared by the plurality of mobile communication net- 
so works, communication channels can be equally pro- 
vided to subscribers of these mobile communication 
networks or can be preferentially provided to subscrib- 
ers of a specific mobile communication network. 
According to another aspect of the present inven- 

55 tion, an integrated control apparatus is arranged 
between a plurality of selective base stations and a pub- 
lic digital network, and performs selective connection 
control between the plurality of selective base stations 
and the public digital network. For this reason, as com- 
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pared to a case wherein a plurality of selective base sta- 
tions are independently connected to the public digital 
network, the number of lines required for connecting the 
public digital network can be reduced. In other words, a 
large number of base stations can be connected to the 5 
public digital network via a small number of lines. There- 
fore, even in an area with a low traffic density, the public 
lines can be efficiently used, thus attaining efficient use 
of the public lines. 

In addition to a first network interface which is con- 10 
nected to the public digital network via first lines, at least 
one of a second network interface which is connected to 
the public digital network or another digital network via 
third lines, a third network interface which is connected 
to a public analog network via fourth lines, and a fourth 15 
network interface which is connected to a private 
branch exchange network via extensions is arranged, 
and call origination processing is performed by selec- 
tively using these network interfaces. For example, even 
when mobile stations generate call origination requests 20 
larger than the number of channels on the first lines, the 
call origination processing can be performed in corre- 
spondence with these call origination requests as much 
as possible, and hence, the loss probability can be 
reduced. 2s 

Furthermore, when the called party is another 
mobile station present in one of radio zones of the plu- 
rality of selective base stations connected to the own 
integrated control apparatus, the calling mobile station 
and the called mobile station are loopback-connected in 30 
the own integrated control apparatus. More specifically, 
the connections between these mobile stations are set 
as if an inter-extension connection were attained via the 
integrated control apparatus. For this reason, a call 
need not be generated onto a network such as a public 35 
digital network, and hence, the traffic of the public digital 
network can be lowered. 

Moreover, since each selective base station accom- . 
modated in the integrated control apparatus comprises 
only a radio circuit system and an interface that per- 40 
forms information transmission with the integrated con- 
trol apparatus, and base station control in these 
selective base stations is integrally performed by the 
integrated control apparatus. For this reason, the 
arrangement of each selective base station can be fur- 45 
ther simplified and rendered compact, thus reducing 
cost. 

According to the present invention, a shared base 
station to be shared by a plurality of mobile communica- 
tion networks is arranged, and dynamically and variably so 
controls lines to be assigned to the plurality of mobile 
communication networks. For this reason, base stations 
need not be arranged in units of mobile communication 
networks, and the equipment load on each mobile com- 
munication network can be reduced. On the other hand, ss 
as compared to a case wherein a plurality of lines are 
permanently and equally assigned to a plurality of 
mobile communication networks, the lines can be effi- 
ciently used in correspondence with the numbers of ter- 



minals and traffics of the mobile communication 
networks, thus improving the line use efficiency and 
reducing the loss probability. 

According to still another aspect of the present 
invention, a plurality of subareas are divisionally formed 
in a radio area covered by a single base station appara- 
tus, and mobile stations present in the radio area are 
managed by a database in units of subareas. When an 
outgoing/incoming call associated with a mobile station 
is generated, call origination/termination control is exe- 
cuted in units of subareas on the basis of the database. 
Therefore, when the subareas correspond to radio 
areas formed by conventional base stations, service 
areas to be covered by a plurality of base stations in a 
conventional system can be integrally covered by a sin- 
gle base station apparatus, and hence, the lines of the 
public network can be efficiently utilized in an area with 
a low traffic density. 

Especially, when a certain mobile station generates 
a call origination request to another mobile station 
present in the single radio area, the call origination 
request is loopback-connected in the own base station 
apparatus without being output onto the public network, 
thus realizing a connection pattern like an inter-exten- 
sion connection in the private branch exchange net- 
work. With this control, the traffic density of the public 
network can be lowered. 

In the present invention, the subareas are formed 
by only the radio units, and are integrally controlled by 
the integrated control unit. Therefore, as compared to a 
case wherein base stations are arranged in units of sub- 
areas, the arrangement of the base station apparatus 
can be simplified and made compact. 

Claims 

1. A mobile communication system, which comprises 
a plurality of mobile communication networks which 
independently operate in service areas formed in a 
predetermined region to include a common portion, 
and in which said plurality of mobile communication 
networks exchange control signals between a base 
station and mobile stations using specific slots at 
different specific frequencies assigned in advance 
as control channels, and exchange communication 
information using a plurality of slots at other fre- 
quencies as communication channels, said mobile 
communication system comprising: 

at least one shared base station equipped on 
the common portion of the service areas of the 
plurality of mobile communication networks, 
said shared base station comprising means for 
time-divisionally setting the control channels 
assigned in advance to the plurality of mobile 
communication networks, and performing 
transmission/reception operations of control 
signals with mobile stations of the correspond- 
ing mobile communication network using the 
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control channels. 

2. A mobile communication system according to claim 
1, wherein said shared base station comprises 
means for independently and variably setting trans- 5 
mission powers of the control signals in units of 
mobile communication networks. 

3. A mobile communication system according to claim 

1, wherein said shared base station comprises w 
means for assigning a specific communication slot 
of a plurality of communication slots constituting a 
time-division multiplexed frame as an exclusive slot 
for a specific mobile communication network. 

15 

4. A mobile communication system according to claim 
3, wherein said shared base station varies the spe- 
cific communication slot to be assigned to the spe- 
cific mobile communication network in 
correspondence with a time band. 20 

5. A mobile communication system according to claim 
3, wherein said shared base station varies the spe- 
cific communication slot to be assigned to the spe- 
cific mobile communication network in 25 
correspondence with a traffic amount of the specific 
mobile communication network. 

6. A base station apparatus used in a mobile commu- 
nication system, which comprises a plurality of 30 
mobile communication networks which independ- 
ently operate in service areas formed in a predeter- 
mined region to include a common portion, and in 
which said plurality of mobile communication net- 
works exchange control signals between said base 35 
station apparatus and mobile stations using specific 
slots at different specific frequencies assigned in 
advance as control channels, and exchange com- 
munication information using a plurality of slots at 
other frequencies as communication channels, said 40 
base station apparatus comprising: 

means for time-divisionally setting the control 
channels assigned in advance to the plurality of 
mobile communication networks, and perform- 45 
ing transmission/reception operations of con- 
trol signals with mobile stations of the 
corresponding mobile communication network 
using the control channels. . 

50 

7. A mobile communication system in which a plurality 
of base stations are distributed, and connect mobile 
stations located in radio zones formed by the base 
stations to at least a public digital network to allow 
communications, said mobile communication sys- 55 
tern comprising: 

an integrated control apparatus arranged 
between a plurality of selective base stations 
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selected from the plurality of base stations, and 
the public digital network, 
said integrated control apparatus comprising: 
. a first network interface for exchanging infor- 
mation with the public digital network via a first 
line; 

a plurality of base station interfaces for respec- 
tively exchanging information with said plurality 
of selective base stations via second lines; and 
control means for selectively connecting said 
plurality of selective base stations and the pub- 
lic digital network via the respective interfaces 
in accordance with call origination/termination 
of the mobile stations to allow information 
transmission. 

8. A mobil e communication system according to claim 
7, wherein said integrated control apparatus com- 
prises a second network interface for exchanging 
information with the public digital network or 
another digital network via a third line, and 

said control means selectively performs 
processing for selecting the first line and generating 
a call onto the public digital network in accordance 
with a call origination request from the mobile sta- 
tion, and processing for selecting the third line and 
generating a call onto the public digital network or 
the other digital network. 

9. A mobile communication system according to claim 
7, wherein said integrated control apparatus com- 
prises a third network interface for exchanging 
information with the public analog network via a 
fourth line, and 

said control means selectively performs 
processing for selecting the first line and generating 
a call onto the public digital network in accordance 
with a call origination request from the mobile sta- 
tion, and processing for selecting the fourth line and 
generating a call onto the public analog network. 

1 0. A mobile communication system according to claim 
7, wherein said integrated control apparatus com- 
prises a fourth network interface for exchanging 
information with a private branch exchange net- 
work, an office line of which is connected to at least 
one of the public digital network and a public analog 
network, via an extension of the private branch 
exchange network, and 

said control means selectively performs 
processing for selecting the first line and generating 
a call onto the public digital network in accordance 
with a call origination request from the mobile sta- 
tion, and processing for selecting the extension of 
the private branch exchange network and generat- 
ing a call onto the public digital network or the pub- 
lic analog network via the extension via the private 
branch exchange network. 
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1 1 . A mobile communication system according to claim 
7, wherein said integrated control apparatus com- 
prises: 

a third network interface for exchanging infor- s 
mation with the public analog network via a 
fourth line; and 

a fourth network interface for exchanging infor- 
mation with a private branch exchange net- 
work, an office line of which is connected to at 10 
least one of the public digital network and a 
public analog network, via an extension of the 
private branch exchange network, and 
said control means selectively performs 
processing for selecting the first line and gener- 15 
ating a call onto the public digital network in 
accordance with a call origination request from 
the mobile station, processing for selecting the 
fourth line and generating a call onto the public 
analog network, and processing for selecting 20 
the extension of the private branch exchange 
network and generating a call onto the public 
digital network or the public analog network via 
the extension via the private branch exchange 
network. 25 

» 

1 2. A mobile communication system according to claim 
7, wherein said control means discriminates a use 
state of the first line in accordance with a call origi- 
nation request from the mobile station, and selects 30 
one of the plurality of call origination processing 
operations on the basis of the discrimination result. 

13. A mobile communication system according to claim 

7, wherein said control means discriminates in 35 
accordance with a call origination request of the 
mobile station whether or not a called party of the 
call origination request corresponds to another 
mobile station located in one of radio zones of said 
plurality of selective base stations connected to the 40 
own integrated control apparatus, and when it is 
determined that the called party corresponds to 
said other mobile station, said control means loop- 
back-connects said other mobile station and a call- 
ing mobile station in said integrated control 45 
apparatus. 

14. A mobile communication system in which a plurality 
of base stations are distributed and connect mobile 
stations located in radio zones formed by the base so 
stations to at least a public digital network to allow 
communications, and an integrated control appara- 
tus is arranged between a plurality of selective base 
stations selected from the plurality of base stations, 
and the public digital network, wherein 55 

each of said selective base stations com- 
prises: 

a radio circuit unit for exchanging information 
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with the mobile station via a radio line; and 
an integrated control apparatus interface for 
exchanging the information exchanged by said 
radio circuit unit with said integrated control 
apparatus via a second line, and 

said integrated control apparatus comprises: 

a first network interface for exchanging infor- 
mation with the public digital network via a first 
line; 

a plurality of base station interfaces for respec- 
tively exchanging information with said plurality 
of selective base stations via second lines; and 
control means for executing at least control 
processing associated with a radio connection 
between the mobile station and the selective 
base station in accordance with call origina- 
tion/termination of the mobile station, and con- 
trol processing associated with a connection 
between the selective base station and the 
public digital network. 

15. An integrated control apparatus arranged between 
a plurality of base stations which form radio zones 
in different regions and connect mobile stations 
located in the radio zones with at least a public dig- 
ital network to allow communications, and the pub- 
lic digital network, said integrated control apparatus 
comprising: 

a first network interface for exchanging infor- 
. mation with the public digital network via a first 
line; 

a plurality of base station interfaces for respec- 
tively exchanging information with said plurality 
of selective base stations via second lines; and 
control means for selectively connecting said 
plurality of selective base stations and the pub- 
lic digital network via the respective interfaces 
in accordance with call origination/termination 
of the mobile stations to allow information 
transmission. 

1 6. A mobile communication system which comprises a 
plurality of mobile communication networks which 
independently operate in service areas formed in 
predetermined regions, said mobile communication 
system comprising: 

at least one shared base station arranged on 
an overlapping region of the service areas 
formed by the plurality of mobile communica- 
tion networks, and connected to a stationary 
communication network via a plurality of lines, 
said shared base station comprising resource 
control means for dynamically and variably 
controlling the plurality of lines to be assigned 
to the plurality of mobile communication net- 
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works. 

17. A mobile communication system according to claim 
16, wherein when the plurality of lines consist of a 
plurality of control lines and a plurality of informa- s 
tion lines, 

said resource control means assigns a spe- 
cific control line of the plurality of control lines to the 
plurality of mobile communication networks as a 
shared control line, and separately assigns the jo 
remaining control lines to the plurality of mobile 
communication networks as exclusive control lines. 

18. A mobile communication system according to claim 
1 6, wherein when the plurality of lines consist of a is 
plurality of control lines and a plurality of informa- 
tion lines, 

said resource control means assigns a spe- 
cific information line of the plurality of information 
lines to the plurality of mobile communication net- 20 
works as a shared information line, and separately 
assigns the remaining information lines to the plu- 
rality of mobile communication networks as exclu- 
sive information lines. 

25 

19. A mobile communication system according to claim 
16, wherein when the plurality of lines consist of a 
plurality of control lines and a plurality of informa- 
tion lines, 

said resource control means separately 30 
assigns the plurality of control lines to the plurality 
of mobile communication networks as exclusive 
control lines, and assigns the plurality of informa- 
tion lines to the plurality of mobile communication 
networks as shared information lines. , 35 

20. A mobile communication system according to claim 
16, wherein when the plurality of lines consist of a 
plurality of control lines and a plurality of informa- 
tion lines, '40 

said resource control means separately 
assigns the plurality of information lines to the plu- 
rality of mobile communication networks as exclu- 
sive information lines, and assigns the plurality of 
control lines to the plurality of mobile communica- 45 
tion networks as shared control lines. 

21 . A mobile communication system according to claim 
16, wherein when the plurality of lines consist of a 
plurality of control lines and a plurality of informa- so 
tion lines, 

said resource control means assigns the plu- 
rality of control lines to the plurality of mobile com- 
munication networks as shared control lines, and 
assigns the plurality of information lines to the plu- 55 
rality of mobile communication networks as shared 
information lines. 

22. A mobile communication system according to claim 



16, wherein said resource control means com- 
prises terminal number monitoring means for mon- 
itoring the numbers of mobile stations present in the 
radio area formed by the own shared base station in 
units of mobile communication networks, and adap- 
tively and variably controls the plurality of lines to be 
assigned to the mobile communication networks in 
correspondence with the numbers of mobile sta- 
tions in units of mobile communication networks 
obtained by said terminal number monitoring 
means. 

23.. A mobile communication system according to claim 
16, wherein said resource control means com- 
prises traffic monitoring ^means for monitoring traf- 
fics in units of mobile communication networks due 
to mobile stations present in the radio area formed 
by the own shared base station, and adaptively and 
variably controls the plurality of lines to be assigned 
to the mobile communication networks in corre- 
spondence with the traffics in units of mobile com- 
munication networks obtained by said traffic 
monitoring means. 

24. A mobile communication system according to claim 
16, wherein said resource control means variably 
controls the plurality of lines to be assigned to the 
mobile communication networks in accordance with 
a preset time schedule. 4 

25. A shared base station apparatus used in a mobile 
communication system, which comprises a plurality 
of mobile communication networks which inde- 
pendently operate in service areas formed in pre- 
determined regions, and in which at least one 
shared base station connected to a stationary com- 
munication network via a plurality of lines is 
arranged on an overlapping region of the service 
areas formed by the plurality of mobile communica- 
tion networks, said shared base station apparatus 
comprising: 

resource control means for dynamically and 
variably controlling the plurality of lines to be 
assigned to the plurality of mobile communica- 
tion networks. 

26. A base station apparatus used in a mobile commu- 
nication system which comprises a plurality of base 
station apparatuses which are distributed in a serv- 
ice area and are connected to at least a public dig- " 
ital network via a plurality of lines, and a plurality of 
mobile stations which are selectively connected to 
the base station apparatuses via radio lines in radio 
areas respectively formed by the base station appa- 
ratuses, said base station apparatus comprising: 

a plurality of radio units for divisionally forming 
a plurality of subareas in the radio area formed 
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by said base station apparatus, and exchang- 
ing information with mobile stations present in 
the subareas via the radio lines; 
a database for forming and storing, in units of 
subareas, management information associated s 
with mobile stations present in the radio area 
formed by the own base station apparatus; and 
an integrated control unit, which is connected 
to said plurality of radio units, and which, when 
an incoming call associated with the mobile 10 
station present in the radio area is generated, 
executes predetermined control associated 
with the incoming call of the mobile station in 
units of subareas on the basis of the manage- 
ment information stored in said database. is 



trol means erases the management information of 
said mobile station. 

31. A base station apparatus according to claim 26, 
wherein said integrated control unit comprises: 

means for, when an incoming call to the mobile 
station comes from the public digital network, 
specifying the subarea where said mobile sta- 
tion is present on the basis of the management 
information of said mobile station registered in 
said database; and 

means for causing the radio unit corresponding 
to the subarea specified by said means to 
transmit an incoming call signal. 



27. A base station apparatus according to claim 26, 
wherein said database comprises: 

first movement monitoring means for monitor- 20 
ing a .movement from the mobile station 
present in the radio area formed by the own 
base station apparatus to another radio area, 
and a movement from another radio area to the 
radio area formed by the own base station 25 
apparatus; 

second movement monitoring means for moni- 
toring a movement of the mobile station 
present in the radio area formed by the own 
base station apparatus between different sub- so 
areas; and 

position registration control means for perform- 
ing registration and erasing processing of the 
management information including position 
information of the mobile station on the basis of 35 
monitoring results from said first and second 
movement monitoring means. 

28. A base station apparatus according to claim 26, 
wherein when said first and second movement 40 
monitoring means do not continuously detect a sig- 
nal from the mobile station, the management infor- 
mation of which is registered, for not less than a 
predetermined period of time, said position regis- 
tration control means erases the management 45 
information of said mobile station. 

29. A base station apparatus according to claim 27, 
wherein when an incoming call response from the 
mobile station, the management information of so 
which is registered, is not detected, said position 
registration control means erases the management 
information of said mobile station. 

30. A base station apparatus according to claim 27, ss 
wherein when said second movement monitoring 
means detects that the mobile station, the manage- 
ment information of which is registered, has moved 

to a specific subarea, said position registration con- 



32. A base station apparatus according to claim 26, 
wherein said integrated control unit comprises: 

means for, when a call origination request 
arrives from the mobile station via the radio 
unit, discriminating based on the management 
information registered in said database 
whether or not a called party corresponds to 
another mobile station present in the radio area 
formed by the own base station apparatus; and 
means for, when said means determines that 
the called party corresponds to the other 
mobile station present in the radio area formed 
by the own base station apparatus, performing 
processing for loopback-connecting the called 
mobile station and a calling mobile station in 
the own base station apparatus, and for, when 
said means determines that the called party is 
not present in the radio area formed by the own 
base station apparatus, performing processing 
for transferring the call origination request to 
the public digital network. 

33. A base station apparatus according to claim 32, 
wherein when said apparatus comprises a function 
of performing an authentication procedure of the 
calling mobile station which issues a call origination 
request with respect to a control management 
apparatus connected to the public digital network, 

said integrated control unit omits execution 
of the authentication procedure when the calling 
mobile station and the called mobile station are 
loopback-connected in the own base station appa- 
ratus. 

34. A base station apparatus according to claim 27, 
wherein said position registration control means 
comprises means for changing divisional manage- 
ment information at predetermined time intervals, 
which information is used for divisionally managing 
the subareas to cause the mobile station, the man- 
agement information of which is registered, to 
transmit a signal to said base station apparatus 
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within a predetermined period of time, and is stored 
in said first and second movement monitoring 
means. 
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